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ABSTRACT

A cross-section of the United States shipbuilding
industry, including shipyards, ship design agents, classification
societies, and foundries, is interviewed with the objective
of establishing the state-of-the-art in stern frame and hawsepipe
design and construction techniques.

The findings from the interviews are evaluated to
determine different, more productive stern frame and hawsepipe
configurations for single screw vessels in three recommended
sizes most representative of the ships being constructed now in
U.S. shipyards or contemplated for comstruction in the future.

For each of the three vessel sizes, alternative
designs and producibility analyses, including cost estimates,
are prepared incorporating the most feasible stern frame and
hawsepipe configurations.

A comparative analysis is performed to establish the
most productive designs for each component.
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SECTION 1.0

INTRODUCTION AND SIRRMARY .

1.1 Background and Objectives .

The: subjects of the present study, stern frames and hawsepipes,
are both important contributors to the trouble-free and efficient
operation of seagoing ships.

The: stern frame, as the name implies, is the heavy stern-most
structure of a-ship supporting the rudder only or both the rudder and
the propeller shaft, depending on the number of propellers.

The hawsepipe is a tube through which the anchor chain is led
overboard; it is usually reinforeced by bolsters at the deck and the
shell to increase endurance and guide the chain and anchor.

The National Shipbuilding Research Program, under the
sponsorship of the Maritime Administration, includes a study of
the stern frame and hawsepipe fabrication techniques within the
framework of "Outfit and Production Aids Projects." Expressed in
most general terms, as in [1]*, the objective of the project is to

“"evaluate different alternatives to the presently purchased stern
frames and hawsepipes, and determine the benefits, if any, to
be derived."

More specifically, the objective was described in the
specification for the subject study, by Todd Shipyards Corporatlon )
Seattle Division, [2], in the following manner: )

"Large castings have become extremely expensive both in money
and required lead times. The advances in welding technology, and
the advent of inboard accessible stern tube bearings, permit virtually
all weldments with the prospect of savings through better control of
material quality, less weight, and more effective production control."

"...the objective of this project is to provide U.S. shipbuilders °

with meaningful comparisons which would assist them in identifying the

‘most productive stern frame and hawsepipe designs."

These objectives were to be realized through visits to Mat
least six shipbuilding firms," contacts with regulatory bodies, and
investigations of foreign trends by literature search and inspection

* Numbers in brackets denote references listed in Section 6.0.
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of foreign-built ships. The alternative stern frame and hawsepipe
designs and their technical and economic comparisons were to be
developed on the basis of results obtained from the surveys and
comments received from the shipbuilding industry.

The study was limited to stern frames for single screw
vessels.

1.1.1 Stern Frame Configurations

For single screw vessels, the stern frames must support
the rudder as well as the tail-shaft and the propeller.

Stern frames for single screw vessels can be
categorized in four basic groups depending on rudder
configuration:

i group is for unbalanced rudders as shown
in|Figure 1-1,|which is characterized by a shoe piece and a

rudder post extending vertically downward £rom the hull to
the shoe.

The second group is for balanced, top and bottom supported
rudders,lFigure l-2,|where the rudder post is no longer needed.
The third group is for balanced horn rudders, Figure

where the shoe is absent and the rudder post is replaced

by a rigid horn that extends only part of the rudder span
vertically downward from the hull, Eigure 1-4.

Another stern frame configuration is the one for
spade type balanced rudders, shown in| Figure 1-5,|which
have no shoe, rudder post, or horn.

Details of arrangement and descriptions of the functions
of each component in these stern frame configuratlons can be
found in [3].

1.1.2 Hawsepipe Configurations

Hawsepipes can be manufactured from rolled plates, drawn
pipes, or they can be cast pipes leading from the deck level
through the bow structure to the side shell. They serve the
purpose of guiding the anchor chain in its passage to and from
the anchor windlass and of securing the anchor.

1-2
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Hawsepipe configurations consist of the pipe through

which the anchor chain runs and the anchor shank stows,
and means of protecting the deck and shell
adjacent to the ends of the hawsepipe, such as bolsters,
doubler plates and/or chain rollers, [Figures 1—6|through 1-8.

Other existing hawsepipe configurations include the
anchor pocket to more safely stow the anchor,
and the billboard type stowage which actually tas no hawsepipe
at all,

Additional information for hawsepipe configuration
details can also be found in [3].

ol pro

1.2 Study Approach

The statement of work as delineated in [2] was transformed
into two major phases, and each phase was further divided into tasks
as shown below:

o Phase I: Surveys and Analysis

- Literature Search

— Preliminary Surveys ' ’ -
- Final Surveys ’ )
— Data Analysis and Evaluation

o Phase II: Alternative Designs and Investigations

= Determination of Baseline Ships
- Development of Altermative Stern Frame and Hawsepipe

Designs
= Producibility and Comparative Cost Estimates

On the basis of altermative designs developed in Phase II,
recommendations to be made to the classification societies regarding
possible changes in the rules governing stern frame and hawsepipe
designs were also considered.

In the first phase of the study the scope of surveys were
expanded to cover eight major U.S. shipbuilding yards and two foundries,
two design agents, the American Bureau of Shipping and the U.S. Coast
Guard. The information sought, and recorded to the extent that it was
made available, were the following:



’—ﬁ“ﬁx‘;& bc.'.;s ng

Centraid
of A

b Spade-rudder

Figure 1-5

{‘ ST8D HUL

EVILS ~CHAM ~CHAIN HANSEPIPE .
C!.A‘Vgl‘:/ STOPPER
’rzf' z(;“%\\\ j /Lf'F_L .
SHELL R
) ANCHOR
PCCXET
SHAN
LOCKER - /s prew \
. TRIPPINS
' BOLSTER
B2 DIZ-LOCK:
suMP | / cYAIN ‘
) ) 1 ’ J
7" 7 7
ELZVATION AT ST3D BOW SESTION THRU ’

AnCHDR POCKIT
LOOKINS #wD

. Anclior hendling errangement with encior pocket, for catorerea [AGOR)

Figure 1-6

ol




4
L]
S A, o

08 e ae @ sy e U8
"
e
]
it
",

’l_ IO 3 ZENLE KR ML G MOCARG Chidte
A — FA3 Taley Crin STIPOCD ML CIMELTIG
N s TaAL I 3 R SIS TOLE AR
WALLL S CEVUS S on A 0D so D et
TS| T e et N\
- ® : *
Lo ‘7_3:"'_.__’\-:_'37/..-&;;'.0 / <y ,/
~—~ s ST '“—;: i3

———e
r‘}}b—- i

Crare STosern” ~ A - *e.
~ AT Tary .~ -

3T /
\ SHG  STwoeiager

HCTEAL ST 3 YD L

LoD o2 FE R
STRS S.2.250
LS s

Anchar-hondliing arrergement, kanzertal shafr windian

One-piece, catl-stest hawsepipe  Figure 1=7

Figure 1-8

1-7

Sy pr



Figure 1-9: Gotaverken
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o current and/or proposed detail designs

o estimates of required resources to construct
stern frames and hawsepipes ‘in terms of manpower,
material, facilities, and time

© capability to produce and special skills required

© problems encountered in planning, scheduling,
manufacturing and testing

ok pe?

o . U.S. Govermment restrictions
o Classification Society requirements

The second phase consisted of developing alternative stern
frame and hawsepipe designs for three sizes of single screw vessels
which were most representative of the ships being constructed or
contemplated for construction in U.S. shipyards, and comparing them
from the standpoint of producibility.

Alternative designs were' to be proposed for three single
screw ship sizes, of approximately 30, 80 and 200,000 DWT capacity,
for which detail design drawings for the stern frame and hawsepipe
arrangements were available.

By adaption of existing detail drawings, or by original
effort where necessary, the following alternative feasibility -
designs were to be developed for each of the baseline ships as
approved by the MARAD Research and Development Manager at Todd
Seattle:

o a stern frame incorporating conventional stern
tube bearing and castings to the degree that they-
are still being used in U.S. shipyards

o a stern frame featuring virtually all weldments
and a conventional stern tube bearing

o a stern frame consisting of virtually all weldments
and an inboard accessible stern tube bearing

o a hawsepipe of the conventional type without
deck bolster

o a hawsepipe of the billboard type
The scope of these designs and their level of detail was to

be limited to only that necessary to perform the required comparisons
of producibility.

1-9



The producibility of each design was to be considered in
terms of the following major considerations:

© Manpower: Labor required to layout, fabricate,
- assemble, and test.

0 Material: Direct material needed to construct
and assemble the components.

b pr

©¢ Facilities: Special facilities such as welding
or testing equipment needed in the manufacturing
process.

© Time: Length of time needed to manufacture
complete units on a comparative basis.

1.3 VSummary of Results

The data obtained from all prelimiﬁary and final surveys
were tabulated in the form of an all-inclusive matrix. The survey
results are presented in Section 3.0 in brief; excerpts from some |

surveys and the all-inclusive matrix are included in

The three baseline ships selected, and approved, for use as
reference vessels for alternative stera frame and hawsepipe
feasibility designs and comparative producibility estimates were
the following:

o 38,300 DWT 0il Carrier
o 89,700 DWT 0il Carrier
o 188,500 DUT 01l Carrier

The criteria and rationale for the selection of these vessels
as baseline ships can be found in Section 4.0 along with nine
alternative stern frame and six alternative hawsepipe feasibility

designs developed for them. Back-up data is in Appendix B.

The comparative producibility estimates for each altermative
design are summarized in Section 5.0 and the details and back-up
information are provided inlAppendix c. | :

‘Comments received from the shipbuilding community as a result
of their reviews of the interim project report, the altermative
designs/producibility estimates, and the draft fingl report are pre-
sented inlAPpendix-Dxl




As much as practicable of these comments were incorporated into the
final feasibility designs and cost estimates.

Only one proposed rule change, relative to the use of chain rollers
in lieu of deck bolsters, was made to the American Bureau of Shipping; and
the Bureau has indicated its intention to consider this change.

The authors' conclusions and recommendations aleng with suggeéted
areas for further study are presented in Section 2.0.

1-11
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SECTION 2.0

CONCLUSIONS AND RECOMMENDATIONS

In the present study, primary emphasis was placed on determining
the producibility of alternmative stern frame and hawsepipe designs.
However, in surveying the shipbuilding industry for this purpose and
also in designing and analyzing various probable arrangements for
these components, valuable insight has also been obtained regarding
their configurations and designs.

Based on this insight, and also on comments received from a
representative cross-section of the U.S. shipbuilding community,
a number of conclusions were reached which may prove useful as a
guide to the industry in the selection, design, and construction
of stern frames and hawsepipes for new vessels.

The findings of the study and the resulting conclusions are
presented below, in brief, separately for the two components, along
with recommendations for future work as found appropriate by the
project investigators.

2.1 Stern Frames

2.1.1 Findings

o The U.S. shipyards, consistently, prefer a stern frame
configuration incorporating a rudder horn (semi-
spade rudder). ) :

© ~ With the exception of two shipyards, where two recently
built classes of vessels were equipped with inboard
accessible stern tube bearings, little experience
exists in the U.S. shipyards om IAST applicatioms.

0 Vessels with both all-cast and all-welded stern frames
are being presently constructed in the yards.

L § 2
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In designing the stern frames, most yards follow the
classification society regulations and detail the
designs on the basis of their own accumulated

The yards anticipate serious difficulties in obtaining
very large castings of good quality within acceptahle
lead times in the future.

This problem, however, has

not so far significantly affected their decisions to
use castings or weldments.

Foundries are confident that they can meet the
future needs of shipyards but emphasize that the two
should work together to finalize the design of
castings for favorable production delivery periods.

The prevalent delivery periods seem to range from
6 to 12 months depending on the size and the complexity

of the stern frame designs.

Normal shipyard facilities are adequate for assembling
both the all-cast and the all-welded stern frames.

Required shipyard manpower will be greater for alli-
welded stern frames since they are more labor intemsive

Planning-scheduling considerations, manpower

requirements, and available time frames vary from

shipyard to shipyard and ship to ship. Consequently,

when the results presented in this study are to be
interpreted for a specific application these considerations
must be taken into account on a case basis.

o]
experience.
o
o
o
2,1.2 Conclusions
o]
o
than castings.
o
o

The stresses allowed in the stern frames are low.
However, the mass and the rigidity of the stern frame
structure are considered to be important criteria in
minimizing shaft deflections and absorbing local loads
without significant movement. These criteria must
therefore be taken into account in the design stages.

oy p2



2.2

o The cost of fabricated stern frames is significantly
smaller than that of cast stern frames for single as
well as multiple ships.

© An all welded stern frame with inboard Accessible Stern

Tube (IAST) is significantly less expensive than a con—
ventional cast stern frame.

2.1.3 Recommendations

o The overall construction costs and life cycle costs of
the inboard accessible stern tubes should be investigated.
The adoption of IAST's in a stern frame design will
affect the installation of propeller shafts and shaft
bearings and the lifelong maintenance and repair costs
for the vessels. In this semse, the shipbuilders may
recommend to the ship owners that they favor the use of
IAST in their new ships for the benefits of decreased
maintenance costs as well as lower initial costs as com—~
pared to all cast designs.

o As a long term objective, it may be suggested that the
real necessity of having bulky and low-stressed stern
frames be critically investigated. Such an investigation
may result in modified stern configurations which may
reduce the effort presently spent on this section of
the- ships and enable the yards to incorporate the stern
structure into modular construction techniques in a
more- favorable manner.

o Although purchasing stern frame castings is currently
not very critical and may not be so in the near future,
the significantly smaller costs of all-welded stern frames
. warrant their consideratioa for all new constructions.

Hawsepipes
2.2.1 Findings

o Hawsepipes, or in more general terms, "anchor stowing
configurations,” show significant variation from ship
to ship even within the same shipyard.

o Aesthetics may play a large role in the selection of
one or the other type of anchor stowing configurationms.

o Cast deck and shell bolsters are still in use on some
ships; they have, however, been completely replaced by
doubler plates and fairleads on some other ships.



(o)

The scantlings of hawsepipes are mainly governed
by wear and tear consideratioms.

2.2.2 Conclusions

o]

o

An agll-welded hawsepipe is almost consistently
considered to be more producible than a hawsepipe
with castings.

The producibility analyses indicate that, on a
comparative basis, the different hawsepipes or other
anchor stowing configurations, do not show significant
variations in cost. They are, in effect, relatively
inexpensive parts of ships. '

2.2.3 Recommendations

o)

[+

o

The selection of an anchor stowing arrangement for

a specific vessel should be based on its compatibility
with available deck spaces, with bulbous bows and bow
thrusters, if any, and on maintenance and aesthetics
considerations. Producibility of the arrangement is
not considered to be a significant factor.

The billboard type anchor stowage arrangement deserves
favorable consideration, wherever applicable, as a
practical configuration.

No major classification society rule changes were found
to be necessary; however, one minor suggestion to
include the option of incorporating chain rollers in
lieu of deck bolsters was made by the project investi-
gators. Copies of Todd Seattle's letter forwarding this
suggestion to the American Bureau of Shipping and the
proposed rule change can be found in Appendix F.
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SECTION 3.0
SURVEY OF U.S. SHIPBUILDING INDUSTRY

REGARDING STERN FRAME AND HAWSEPIPE PRACTICES

3.1 General

In order to realize the objectives of this study, and as
called for in the specifications, the United States shipbuilding
industry practices for the design, fabrication, and testing of
stern frames and hawsepipes were subjected to a comprehensive survey.

Preceding the surveys was a thorough literature search to
determine the state-of-the-art of fabrication techniques and to
establish a methodology for conducting these surveys. Extracts from

major references reviewed are included in In essence,
the literature survey resulted in a compilation of the industry’'s

past experience and future trends in the production of stern frames
and hawsepipes.
1t was considered necessary to include into the scope of

surveys the questions covering the following areas as applicable to
stern frame and hawsepipe practices:

o Design loadings

o Configuration

o Construction techmniques

o Economics

o Classification problems

o Welding considerations

o- Problems with castings

These areas were explored during preliminary surveys, and the
approach was formulated as a "survey questionnaire,” which was then
used as the basic methodology in conducting subsequent final surveys
at shipyards, design agents, foundries, and regulatory bodies.

oy



3.2 Survey Format and Questionnaire

The questionnaire, in its entirety, is included inléggendix A;|
Basically it consists of questions and information requests in the
seven categories mentioned above. This type of a subdivision
permitted discussions in depth within the limited subject matter and
facilitated compilation and comparison of results from surveys at
different shipyards.

The questions within the seven categories were intended to
yield responses that would indicate what types of stern frame and
hawsepipe configurations are likely to be built in the future; what
specific construction procedures could be used; plamning, scheduling
and tooling considerations; available design loadings for development
of alternatives; economics of producibility; welding capability and
vendor interface and its impact on scheduling and planning.

3.3 Survey Results

Both the preliminary and the final surveys at shipyards
consisted of interviews with key personnel using the questionnaire
developed for this purpose. Plans of ships presently under comstruction

-and of ships built in the past were reviewed. A tour of the

shipyard to inspect vessels being built and the manufacturing methods
used in the production of stern frames and hawsepipes was included.

The data from these surveys were subjected to a comparison
and evaluation in order to define those areas where more information
was needed. The results of this continuing evaluation were used to
modify and/or update the survey format.

Brief summaries of the results from surveys conducted at
shipyards, regulatory bodies, design agents, and foundries and
from industry comments received during various phases of the
study are presented below separately for each category. More
detailed information on survey results and a comprehensive com-
parison matrix can be found in[Appendix A.| Industry comments,
in greater detail, are presented in Pppendix D. |

3.3.1  Configuration of Stern Frames and Hawsepipes

3.3.1.1 Shipyards

Two shipyards were visited for the purpose of
preliminary surveys, and final surveys were conducted
in six additional shipyards.

3-2
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The stern frame and/or hawsepipe configurations
for the following range of ship types and sizes were
inspected during visits to shipyards:
0il Tankers: 35,000 DWT to 390,000 DWT Capacity

LNG Carriers: 125,000 m> Capacity with Free Standiag
Rectangular or Membrane Tanks

Container Ship: 33,800 DWT Capacity
Ammonia Carrier: 32,000 m? Capacity (conversion)
Stern frame and hawsepipe configuration and

arrangement drawings for most of above vessels were
obtained from the shipyards building them.

(a) Stern Frames

-

Among all the stern frame configurations
examined, the most frequent design was that for a single
screw vessel using a semi-balanced rudder mounted on

a horn, [Figure 3-1] The reasons for this preference are
that the flow to the propeller is unobstructed, that the
horn can easily be incorporated into the stern module and

i - e & e et . oot .

4 P

provide good support for the rudder, and that the rudder stock -

diameter is acceptable.
A shoe piece, especially on a large ship, might
cause vibration problems due to its size and proximity

to the propeller. Large stocks required for spade rudders

are considered to be significant sources of problems for
this type of configuration. For these reasons, the

configurations of stern frames with shoe pieces (see Figure

-1 pbf Section 1.0) and with spade rudders (see Figure
of Section 1.0) are very seldom used.

The semi-balanced rudder with horm also appears

to be the most favored configuration for future consideration.
Shipyards indicated that they would build any type of stern
frame required, but would try to influence Owners' opinions

toward the adoption of the hornm type configuration.

Y

Stern frame configurations with® inboard accessible
stern tubes were also observed at two shipyards. [Figure 3-2

is a photograph of the inboard accessible stern tube on a
large tanker. [Figure 3-3|shows the stern view of a small

tanker where an inboard accessible stern tube is also installed.
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Figure 3-3: Inboard
Accessible Stern Tube on
38,000 DWT Tanker
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The main reason for the selection of inboard
accessible stern tubes for these two vessels was the ease
of maintenance; the preference did not indicate thoughts
given to favorable producibility of this configuration.

(b) Hawsepipes

In general the configuration of the hawsepipe
varies with the type of bow and the size of the ship. On
larger ships with a bulbous bow, the hawsepipe must be
far emough aft to allow the anchor to drop clear. If
the hawsepipe is too far aft, however, the anchor might
accidentally drop on a working tug, or foul the bow
thruster. Consequently, on every ship there is only 2
very narrow area where the hawsepipe can be located. A
further consideration affecting the hawsepipe is the
necessity of having the anchor high enough on the ship’s
side to be above the bow wave, which sometimes results in
too shallow a slope, causing the anchor to jam in the
hawsepipe. The most common solution to this latter
problem is to get a fairlead roller near the inboard end
of the hawsepipe to reduce ‘friction or to cut away the
shell plating creating a pocket at the lower end of the
hawsepipe.

The hawsepipe configurations used in the more
recent past all appear to incorporate fabricated pipes, as
shown in but with different deck and sideshell
protections such as deck doubler and chain guide (Figure
sideshell doubler plate (Figure 306). No specific
configuration appears to be especially preferable to
the shipyards. The choice appears to belong to the
Cwners. .

One shipyard stated that they have had "excellent
experience with a Kocks roller chock with built-in riding
pawl" on one recent ship they constructed. Reportedly, this
arrangement "eliminated the deck bolster and separate riding
pawl, and eliminated the pinch on the chain at the deck with
consequent reduction in friction load on the winch®.

3.3.1.2 Regulatory Bodies

(a) Stern Frames

Regulatory bodies, either govermment agencies or
classification societies, have no preference over one or
the other stern frame configurations. They will approve
the design and/or class the vessel as long as it meets the
requirements of their rules and regulations. A synopsis
of classification society rules regarding stern frame
design and construction is included in [Appendix E.

- .. 3.7
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The American Bureau of Shipping pointed out that
the vibration of characteristics of cast sterns are different
from those of plate fabricated stern structural components.
The greater mass and stiffness of the cast sterms will sig-
nificantly affect the overall vibration characteristics of
the vessel.

(b) Hawsevpipes

Similarly for the hawsepipes, the regulatory
body approval is dependent upon meeting the rule
requirements. Regulatory bodies expressed a preference
for hawsepipes with bolsters, or at least with a large
radius at the deck and sideshell to avoid damage to chain
links and bending of the anchor shank. Approval has been
given to some hawsepipe comfigurations without bolsters,
but their performance is, reportedly, still being
monitored as to how successful they are.

The classification society opinion on the
recessed anchor pocket configuration is that this is
" primarily used in Navy vessels and is not common in
commercial ships. However, approval will be given, if
specifically requested, both for the recessed anchor

pocket and for the hawsepipe configuration without a deck
bolster.

3.3.1.3 Design Agents

(a) Stern Frames

The design agents interviewed stated that they
would prefer a stern frame configuration comnsisting of
a rudder horn with semi-balanced rudder without a shoe
piece. Shoe pieces have been blamed for vibration problems
on some ships. Any of their preferences would, however, be
superseded by a client's ultimate desires.

(b) Hawsepipes

The approximate location of the hawsepipes and
anchors would usually be shown or the preliminary or contract
structural drawings by the design agents. It is up to the
shipyards to decide on the finmal location and design details.
Design agents emphasized that the anchor handling arrangement
should be model tested in order to ensure a smoothly
operating configuration.

3-9
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3.3.1.4 Foundries

The casting vendors expressed the opinion that
they are concerned with the production of castings rather
than the configuration and strength consideratiomns.

They felt that a compromise must be reached between these
two factors to produce a better casting at a lower price.

ol oy

3.3.2 Construction of Stern Frames and Hawsepipes

3.3.2.1 Shipyards

(a) Stern Frames

During surveys at shipyards, stera frame constructions
ranging from completely cast to completely welded types
were observed. . )

A design incorporating a cast stern tube/propeller
boss and a cast gudgeon with the remainder of the stern
frame made up of weldments forming a stern module, as

illustrated in|Figure 3-7,|was most representative of

the present practice.

The present practice for construction of the -
stern frame is to incorporate it into the after hull :
structural modules which may be assembled anywhere in the
yard and then transported to the building ways, as shown
in and [3=9.] This modular building technique
allows a great deal of flexibility; none of the shipyards,
accordingly, reported a2 need for any special facilities for
the construction of modules.

As far as stern frame castings are concerned,
shipyards without their own foundries obtain all castings
from vendors, while those with their own foundries purchase
castings larger than their capability as direct material
from outside vendors. :

One shipyard has used forgings instead of castings
for stern frame components in two recent hulls of the same
class even though they were follow-on to designs that orig-
inally called for castings. The reasons given were that
forgings are inherently freer of defects and that their
lead time is generally shorter than for castings.

Shipyards indicated that special skills were not
tequire§ for the construction of stern frames. Welding
of castings and thick plating is commonplace.

Practical restraints at the shipyards are generally

related to crane capacity and furnace size for annealing
of welded components, if needed.

3~10
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(b) Hawsepipes

Hawsepipes observed during surveys were either
fabricated from rolled plate or cast pipes. 1In either case
they had cast bolsters at one or both ends of the pipe.

One shipyard was building hawsepipes without any castings.

With welded hawsepipes, most shipyards would
depend on outside vendors since they would probably
not have the presses or the rolls necessary to form the

pipe.

If the hawsepipe design without deck and/or
shell bolsters should prove successful, improved
producibility can be expected due to elimination of the
castings entirely or reducing the sizes and complexities
of castings. .

The present practice at a majority of shipyards
is to incorporate thehawsepipes into the forward hull
construction modules before erection. Again, as in the
case of stern frames, this modular construction technique
allows a considerable degree of flexibility in the
construction of hawsepipes since the size and complexity
of each structural component can be kept within the
yard's capabilities.

3.3.2.2 Regulatory Bodies

(a) Stern Frames

| Appendix E|contains a summary of various
classification societies' rules and regulations governing
stern frame construction. These rules cover construction
requirements for both built-up and cast shoe pieces, rudder
horns, stern tubes, etc. A combination of castings and
fabricated components making up a complete stern frame-
structure is also acceptable. The general opinion is
that certain components may work out better when cast (such
as the rudder bearers and gudgeons) and certain others
may tend to be easier to fabricate (such as the shoe
pieces). Some components, such as the shaft bossing, do
not lend themselves easily_to fabrication, and consequently
these must be castings.

3-~14
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The opinion was expressed by regulatory
bodies during the interviews that getting a sound
casting for very large pieces is a real problem. A
thorough inspection cannot be made on castings; they
can only be surface-inspected since no x-ray can
penetrate deeply enough into large pieces.

Conversely, from a construction viewpoint,
the aft section of the vessel is usually confined and
therefore it may be difficult to fabricate completely
welded stern frames..

About 507 of the ships classed by the American
Bureau of Shipping have shos pieces, and the other
50Z are without shoe pieces. Of the ships with shoe
pieces, 90Z have stern frames made up of castings. Very
few new ships are being fitted with shoe pieces.

Rudder horn construction is usually a combination
of castings and weldments.

In response.to general shipyard comments that
classification requirements are not specific enough, the
American Bureau of Shipping has commented that "the Rules
are not intended to be a design manual, but rather a tool
to establish the vessel's seaworthiness"™. The ABS further
stated that they "have collected and developed data to
publish additional requirements, and are closely monitor-
ing the service feedback".

(b) Hawsepipes

No specific construction requirements were set
forth by the regulatory bodies ocutside of the' few
guidance rules specified in [4] and excerpted in

Appendix E.

3.3.2.3 Design Acents

(a) Sterm Frames

The design agents interviewed appeared to prefer
a combination of castings and weldments for stern frame
construction. They always give the shipyards the option
to modify the design to suit their modes of construction.
In general, the design agents recognize that there are
problems with castings, however they are not normally
involved with the manufacturing details.

(b) Hawsepipes

The design agencies offered no comments on the
construction of hawsepipes. Details of construction are

normally accomplished by the shipyards.
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3.3.2.4 Foundries

The only major comment made by the foundries
.during interviews with regard to stern frame and hawsepipe
construction was in relation to quality control
procedures. The foundries conduct extensive tests using
x-rays which can penetrate 5" to 5%", magnetic partic.e
inspection, and.ultrasonic inspection.

Any defects found are repaired to the satisfaction
of regulatory body surveyors before leaving the plant.
The rejection rate of the castings was reported to be
very nearly zero.

3.3.3 Design Loadings

3.3.3.1 Shipyards

With the exception of one, shipyards did not have
any design loadings for use as a guide in determining the
actual loadings that the stern frames and hawsepipes are
subjected to. The yards generally are provided the detail
designs for these components; the ageney conducting the
design analysis follows the class society rules as a guide
only. One shipyard, reportedly, has its own design loading
values based on experience and it conducts a full load
analysis for each new stern frame design if it is specified
to be their responsibility.

In general, specific design procedures are not
available, and regulatory body rules are not considered
to give adequate guidance on details of stern frame and
hawsepipe design. The approach used in design is a
combination of empirical methods developed from experience,
and finite element analyses based on hydrodynamic loads
‘determined by means of model tests in addition to the
classification society rules.

3.3.3.2 Regulatory Bodies

The United States Coast Guard, as the certification
agency, indicated that, as far as the structural integrity
of merchant ships is concerned, they rely completely
on the classification society (American Bureau of Shipping)
to uphold the safety standards. The classification society
maintains the standard by conducting surveys/inspections.
The term "structural inregrity” in this case includes the
design and construction of stern frames and hawsepipes as
well.

3-16
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. As evidenced from a review of excerpts from
various classification society rules on hawsepipes,
included in Appendix E, there are no design load

criteria for these components. The American Bureau of
Shipping does have an "in-house™ approximate formula

for determining hawsepipe and bolster thickness. A

copy is included in[Appendix Er| They feel, however, .nat
their rules are complete enough to provide guidance

for design, yet sufficiently flexible to allow individual
designers to -introduce innovations.

The allowable stresses in the rudder horms, and the
shoe pieces if applicable, as determined from prescribed
empirical formulas in the rules regulating desizn and
construction of stern frames [4], are rather low, in
the order of 6,700 psi for cast steel and 8,500 psi for
steel plating. )

The ABS stated that shoe pieces, if fitted, could
be made up of weldments with satisfactory results; a
reduction of required section modulus may be allowed for
welded shoe pieces as in the case of welded rudder horms.

In the case of castings, the changes in section
areas present serious problems and may cause discontinuities.

A case history on the cast steel stern frame
troubles was made available to the project investigators
during the interview by the ABS. Applicable specifically
to stern frame configurations with skegs (shoe pieces),
this document (a copy of which is presented in [Appendix IT) |
classifies the stern frame defects in the following maaner:

o Defects in stern frame skegs

o Fractures in way of landing of shell plates to
stern frames .

1y

o Cracks in way of core holes
o Other miscellaneous defects

This case history also includes statistical
information on the frequency of occurrence of these
defects for T-2 tankers and Victory Ships as well as
a number of large tankers of 1949-50 vintage.

* This approximate formula has now been included in the
ABS Rules (Section 4.9).

L2 .



A simple guide for use in analyzing stern
frame skegs, developed by ABS in 1959, was also made

available t ject investigators, and is presented
in Fppendix E.

-3.3.3.3 - Design Agents

In determining the scantlings of the stern
frames and hawsepipes, the design agents comply with
. the rules of the classification society by which the ship
is ‘to be classed. They also perform a comparative check
with the rules and requirements of other classification
societies to ensure that the scantlings are reasonable.

The design agents had no statistical information
or records of failures either for stern frames or for
hawse pipes.

3.3.3.4 Foundries

Since, as stated earlier, they are concerned
basically with the production of castings, the foundries
did not express any comments on the design of either
component. .

3.3.4 Economics

3.3.4.1 Shipyards

The questionnaire used in the final surveys
contained questions and information requests regarding
significant economic considerations in manufacturing stern
frames and hawsepipes as well as factual cost data on
‘Tecently manufactured components. Qualitative discussions
were held with the shipyards' personnel but no cost data
were made available to the project investigators.

This was understood to be due mainly to the

fact that no such cost data were available in most
shipyards, as broken down to these components only.
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It was stated that reporting a single unit cost to
reflect the stern frame and/or hawsepipe costs on all
ships is simply impossible. The size and configuration
of these components on each ship are different and the
costs, accordingly, are subject to great variationms.

One shipyard suggested that if a figure had ¢~
be given, the cost of a stern frame casting could be
approximately 70 cents (1977) per 1b. of casting, plus
the cost of manufacturing its patterm.

Despite the lack of factual cost data,
qualifylng statements on major economic factors
affecting component construction costs were made.
These comments can be summarized as follows:

o Stern frames and hawsepipes, especially welded
fabricated ones, are labor intemsive items. Labor
cost for these components is the largest single
cost factor. Accordingly, in the interest of
economy, their designs must be kept as simple and as
easy to construct as possible.

o Welded stern frames and hawsepipes are usually cheaper
to construct. However, it requires much more shipyard
labor to manufacture welded components than cast .
components.

o Specifically for the case of one ship of a class
being built, welding may certainly cost less since
pattern costs, necessary for casting, would be
eliminated. .

o For multiple ships of a class, with the cost of a
pattern shared by several ships, casting costs may
be comparable. However, the yards' opinions on this
subject appeared to change from one extreme to the other.

o0 One yard maintained that there would be no drastic
differences between the costs of welded versus cast
components. Cost of welding has been steadily going
up, and it may eventually offset any differences from
casting costs.

0 For welded type construction, keeping away f£rom the
use of high tensile steel (HTS) may keep costs down.

3-19
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Rigidity of the component is more important and it
can just as well be achieved with mild steel.

o The castings for stern frames and hawsepipes are
farmed out to outside vendors by most shipyards.
The selection of cast compoments is usually based on
availability of vendors. The casting is simply
purchased and installed, eliminating extensively the
need for excessive welding. This, naturally, improves
scheduling performance especially when the castings are
delivered without delay.

o If a delivered casting has any defects in it, the casting
vendor is backcharged until such time as the defective
casting is repaired or corrected.

0o Very large castings may be manufactured by using several
pieces cast separately and joined together by welds.
In the casting process, slippage of core may present
serious problems.

o Shipyards with their own foundry facilities way prefer
to use castings due to scheduling needs. The yard's
foundry may need the work and may be able to meet
the delivery dates favorably. '’

o All charges and quotes for castings are made on the
basis of weight, in terms of dollars per pound of
casting. Cost of machining is generally treated as
a separate and additional item.

o One shipyard maintained that they have been constructing
- all welded stern frames for well over fifteen years,

not only because they are cheaper but also that they
have had very serious procurement probiems with castings.
Another shipyard had a similar comment and stated that
"this policy is an executive decision made entirely upon
the basis of uncertainty of obtaining a sound casting in
consideration with the great exposure of the shipyard in the
event of a failure".

o In a study performed in 1977, this shipyard found that
a complex stem assembly casting was 20% more expensive
than a weldment.

3.3.4.2 Regulatory Bodies

No factual cost data were available to the
regulatory bodies. Following comments were offered,
however, as factors influencing the choice of weldments
versus castings and also the cost of manufacturing:
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0 The shape of the stern frame has a considerable
amount of curvature, and will therefore necessitate
the use of furnaced plates which may influence costs
of fabricated components adversely.

o Long lead times are necessary and delays are often
experienced in this country in the delivery of
castings from the foundry to the shipyard.

o Corrosion of the joint welds of cast stern frames in
a seawater environment presents a real problem; it may
be necessary to preheat the casting in order to make
repair welds, and this adds extra costs. In this context,
the repairs of all welded stern frames will cost less.

3.3.4.3 Design Agents

The de51gn agents could supply no cost information
other than their own opinion that castings cost more to
procure but are less labor intensive. Conversely, the
weldments cost less in material but are more labor intensive.

3.3.4.4 TFoundries

One foundry was visited and an interview was held
with a representative of another foundry. One of the
foundries was extremely reluctant to give out any cost
figures. It was stated that the cost is dependent on the
size of the casting, the intricacy of the mold, ete. On

* this basis, for a casting of 25,000 to 50,000 1b.

weight, the unit costs were said to range from 50 cents
to 2 dollars per pound.

Both foundries stated that labor is the principal
cost and that the casting prices can be reduced if the
design is kept simple.

Following additional comments by the foundries
are noteworthy:

o Marine castings constitute only a maximum of 207 of
their total output.
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o The costs of patterns are charged separately.

o _Casting vendors normally do rough machining only.
They can do final machining if they are asked.

o They produce mild steel castings only and do all of
their annealing themselves.

o They perform first visual checks and tests (by
magnetic particle methods and x-ray or ultrasonic
equipment), if necessary, on the castings, and
‘repair minor and major defects in accordance with
classification society rules.

o They leave the weld—joininé of several pieces of
castings to the yard.

0 They feel that in order to make the castings more-
economical and better products, the designers of
stern frames and hawsepipes should consult with
the foundry before making any final engineering
decisions. .

o In general, the foundries feel that they can meet
shipyards' delivery dates if given sufficient lead time.

3.3.5 Classification Problems

3.3.5.1 Shipyards

In answer to specific requests contained in the
survey questionnaire, the shipyards provided. the following
summary comments:

0 According to a majority of shipyards, the classification
society rules are not adequate for design and
construction of stern frames and hawsepipes. Some
yards said the rules were improving.

o None of the yards reported any problems with the
classification societies regarding stern frame and
hawsepipe construction.

o Most shipyards feel that the rules of all classification
societies are about the same. However, some yards said
they would prefer to use the Norwegian (det Norske
Veritas) and/or the British (Lloyd's Register) rules
because they provide more design informatiom.
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o Only one yard out of the eight that were visited
had "in-house" criteria for the development of stern
frames and-hawsepipes.

3.3.5.2 Other Institutions

Design agents and casting vendors did not have
any additional comments to make regarding classification
problems of stern frames and hawsepipes.

The design agents agreed with the shipyards that
classification rules are not adequate to design these
components. They normally use one or all of the class-
ification society rules as guidance and complete the design
on the basis of their experience.

In response to these comments by shipyards and
design agents, the American Bureau of Shipping has indicat-
ed that they will consider developing further their rules
for sterm frames and hawsepipes.

In the performance of any vessel's design, ship-

yards have encountered no problems with the class societies
in the design or inspection stages.

3.3.6 Welding Considerations

3.3.6.1 _ Shipyards

The responses of shipyards to specific welding
questions can be summarized as follows:

© On thin plates, conventional metal-arc type welding
with stick electrodes is used.

o For welding of thicker plates or for joining two
cast sections by welding, submerged arc welding
processes are employed. The process can be semi- or
fully automatic.

o With full-automatic electro-slag welding, the seam is
welded in one pass vertically from the bottom up-.

o With hand held manual or semi-automatic processes,
the multiple passes are made.

o The electro-slag welding processes used for thick plate
require good preheating before welding. The most common
method is local preheating using electric heaters and
asbestos blankets.
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o Some shipyards have their own heat treatment furnaces
of sufficient capacity to allow them to preheat the
thick plates in the furnace.

o Shipyards with limited capacity furnaces or no heat
treatment facilities prefer to do local preheating.

¢ Post welding heat treatment and stress relieving
operations are carried out in the same manner as
in preheating.

© Some shipyards stated that they have had bad experiences
with thermit welding and therefore avoid it in favor
of electro-slag welding.

© Some shipyards reported that maximum thickness of
plating they can weld is 2" while others expressed
welding capability of up to 4" or 5" plates. A few
shipyards said that they could weld any thickness of
plating. It appeared to be a mutual opinion, however,
that plates of more than 3%" or 4" thickness would
give welding problems. Some twisting of these plates,
after welding, has been experienced, and reportedly it
has been difficult to correct.

3.3.6.2 Regulatory Bodies

Regulatory bodies request compliance with the
minimum welding requirements as set forth in the rules
{4]. The plans and specifications must indicate clearly
the extent to which welding is to be used. Welding
processes, filler metals, and joint designs must be shown
in detail drawings, or on a separate document, prior to
approval action by the classification society.

The American Bureau of Shipping, as indicated in
paragraph 3.3.4.2 above, has pointed out the corrosion
problems encountered at weld joint seams of cast pieces in
a seawater environment. The repair of such welds would
require the use of thermit welding which is a costly
process due to the heating that is necessary.
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3.3.6.3 Design Agentsv

The design agents gave no specific comments
regarding welding problems with stern frame and hawsepipe
construction. They normally leave the determination of
welding processes and detail to the shipyards. One agent
stated that they had no problems -with welding of any

thicknesses of platings they had specified, the maximum 3
being 5". ) i

3.3.6.4 Foundries

Foundries do not join two pieces of castings
together by welding. Their customers, in this case the
shipyards, normally do the joining.

In repairing or correcting defective parts of
a casting, as determined by inspection, the foundries
remove the defective portions to sound metal before
welding. They use submerged-arc and electro-slag welding
processes, and avoid thermit welding. Stress relieving
is done locally by heating.

For major repairs, they have to document their

repair procedure and submit it to the classification
society for approval before doing the repairs.

3.3.7 Problems with Castings

3.3.7.1 Shipyards

The problems that shibyards experience with
stern frames and hawsepipe castings have been discussed
in connection with the yard's responses to the "economics”
category (subsection 3.3.4.1) of the survey questionnaire.
To repeat, the major problems as reported by shipyards
were briefly:

o Shipyards always farm out castings unless they or
their parent organization have their own foundries.
Two out of the eight shipyards visited had
their own foundries, and they appeared to be satisfied
with the castings delivered.
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If the size of casting should exceed the capacity of
a shipyard’s own foundrv, they would cast smaller pieces
themselves and go to outside vendors for very larre pieces.

In general, the lead times for castings range from a
minimum of 6 months to a maximum of 18 months,
depending on the size and complexity of the piece.
as obtained from U.S. vendors. More favorable lead
times and less frequent delays are reported by shipyards
with foreign casting vendors than with U.S. vendors.
One shipyard stated that the delivery period for the
same casting could be up to a year by a U.S. vendor
but only 6 months by a Japanese vendor. It was also
stated that the U.S. casting vendors would most
frequently meet their delivery schedules.

In general, the shipyards reportedly have good

relations with outside casting vendors. Most stated

that they experienced no major rejections on commercial
ships' castings and that they had no significant delays in
deliveries. A few shipyards stated that .they have -had
serious problems with obtaining good castings and

this has led them to favor fabricated stern frames

and hawsepipes.

For a majority of shipvards, however, the problemz with
castings are not big enough to discourage the use
of castings.

Increased non-destructive testing on castings reveals
more defects; however, the defects are repaired bv
vendors and/or shipyards, depending on the extent of
the defect and the degree of repair needed, to the
satisfaction of the yards and the classification
society surveyors. :

From an economics standpoint, the cost of castings

delivered by foreign sources, despite the additional
cost of shipping, are reported to be less than U.S. costs.

3.3.7.2 Regulatory Bodies

As reported in subsection 3.3.2.2, the regulatory

bodies expressed the opinicn that getting a sound casting
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for very large pieces is a real problem; long lead times
and delays in deliveries are frequently experienced with

.the casting vendors in this country.

From a technical viewpoint, the non-destructive
testing performance on castings are deemed to be unreliable
to the extent that only surface defects can be detected.
Additionally, the welds joining two separate castings are
subject to severe corrosion in a seawater environment.

A review of the past experience with cast steel
stern frame failures, as provided by ABS, is briefly
discussed in subsection 3.3.3.2 and the case history is
presented in Appendix E.

3.3.7.3 Design Agents

The design agents normally have no contact with
the casting vendors; and as such, they did not comment on
this item of the questionmaire.

3.3.7.4 TFoundries

The  foundries that were interviewed by the project
investigators expressed a general willingness to manufacture
castings of stern frame and hawsepipe components with
delivery schedules acceptable to shipyards. They do not

‘have any insurmountable problems with the production of

castings; however, they offered the following thoughts
relative to this question:

o There is no limit on the weights of cast pieces.
They have pouring capacities of up to 250 toms.

o The size of the casting they can produce, however, is
naturally limited by the dimensions of the foundry
pits and their transportation facilities.

© They allow, normally, for a shrinkage of %". Other
clearances and tolerances they follow are in accordance
with the specifications of "American Foundrymen's
Society." [10]
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o They only do rough-machining on their castings; but.they
can do finish-machining as well when and if requested.

© Delivery schedules start from the time the pattern
for a casting is delivered to the foundry, or
otherwise readied. The delivery periods for most stern
frame castings, after receipt of pattern, range frum
4 to 6 months.

© Rejection rates for castings are very low. Minor
repairs on completed castings may sometimes be
necessary; but reportedly there is never a complete
rejection. Repairs are made to the satisfaction of the
classification society surveyors.

o The defects experienced most frequently are sand
inclusion and shrinkage.

© The foundries maintained that for the inspection of
castings, ultrasonic testing techniques are faster and.
cheaper than the x-ray technique. They would prefer
to check the piece by UTS and then x-ray the suspect
areas as established by the UTS check.

3.4 Review of Foreign Stern Frame and Hawsepipe Trends

The original intention was to survey three foreign built ships
at the nearest U.S. ports. However in conducting the shipyard surveys,
it was possible to see some foreign ships that were already in the
yards at the time. Unfortunately, due to the fact that the vessels were
waterborne, it was not possible to see much of the stern frame
configuration. To make up for this lack of observability, the project
team chose to obtain detail working plans of the following foreign
built vessels from owners and operators, and to study these plans:

© 263,000 DWT tanker built im Japan in 1972
© 253,000 DWT tanker built in the United Kingdom in 1974
o 31,000 DWT products carrier built in Sweden in 1973
In general, the configuration and the method of comnstruction of
stern frames and hawsepipes in foreign built vessels are not much

different from those in vessels built in the United States. Following
are a few items that are different and considered worthy of noting.
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3.4.1 Recessad Anchor Pocket

In this configuration, the anchor is stowed in a recessed
pocket instead of being exposed on the side shell. A typical
arrangement is shown in|Figure 3-10. | It appears that this
arrangement is very popular in European shipyards. The apparent
advantages of this configuration are: -

0 Attractive appearance
o0 Lless spray in heavy seas

o Improvement in the slope of the hawsepipe for some vessels

3.4.2 Billboard Anchor Stowage

A billboard type of anchor handling system has been
developed and patented by AB Gotaverken of Sweden. A copy of
the U.S. patent is included in|Appendix E.| This system has
been used on a few European built vessels. If this type of
anchor handling system is used, the hawsepipe and the shell and
deck bolsters can be eliminated. As can be seen from|Figure 3-11,
this type of anchor handling system affords the following
advantages:

¢ Readily accessible for securing, cleaning, maintenance
and. inspection

o No penetration of the hull

o Anchor is dropped further outboard than with the
conventional system

o No possibility of the anchor getting hung up due to
. lack of slope in the hawsepipe

More detailed information on the Gotaverken Anchor
Stowage arrangement can be found in|Appendix E.

3.4.3 Shoe Piece

A review of the plans for the above mentioned three foreigr
built vessels revealed that all are fitted with shoe pieces. It
appears that foreign shipyards in Japan and Europe favor the
shoe piece as opposed to other configuratioms.
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Figure 3-11: Billboard Type Anchor Handling System
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3.4.4 Inboard Accessible Stern Tube

At least two vessels currently built in this country are
ficted with inboard accessible stern tubes (IAST). All of the
- stern tubes fitted into these vessels have been manufactured in
the United Kingdom. It is understood that more and more ships
being built in Europe are being fitted with IAST's. Append- s

E pontains excerpts from literaturz.on IAST. . .

3.5 Summary of Surveys and Industry Comments

It can be concluded that the most popular stern frame design in
in U.S., as reported by the shipyards surveyed, is that of a vessel
with a semi-balanced rudder on a horm, although Japanese and European
shipyards appear to favor the shoe supperted rudder. The configuration
of the hawsepipe varies with the type of ship being constructed.

The U.S. shipyards are using modular type construction to improve
the flexibility in size and the erection sequence of the stern frames.
All yards using thick plates in fabricated construction have no trouble
with welding using commercially available equipment and techniqg-:acz.

The regulatory body restraints are delegated to the classification
societies where rules allow a great diversity of designs and are
generally used zs guides only. '

There are some shipyards who are presently constructing all welded
stern frames, and some others are installing all cast stern frames. The
trend for the future appears to be towards using more weldments and
smaller castings. It appears, however, that the yards would prefer to
use castings if they could get them at a reasonable price, within an
acceptable lead time and also within quality requirements.

For the conventional anchor handling system with hawsepipes and
bolsters at the shell and the deck, the deck bolster can be eliminated
on most of the new ships. A roller, if fitted immediately adjacent to
and above the aft side of the hawsepipe on the deck, would be able to
keep the anchor chain from rubbing the deck-edge and therefore, no
deck bolster would be needed. The shell bolster may still be needed to

guide and turn the anchor properly so it can go into the hawsepipe easily

and support the anchor saugly when the chain is drawn tight. The shape
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of the shell bolster is complex and it is difficult to fabricate

and interface with the ship's structure. One shipyard has completely
dispensed with the shell bolster, and encountered difficulties when
the anchor was being pulled up. Another shipyard has replaced the
shell bolster with a doubler plate and this shipyard also had some
trouble. An investigation into the ways of replacing the shell
bolster in future hawsepipe designs could bring about reductions in

the cost of bolster castings and simplify the interface between the
bolster and the shell.
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SECTION 4.0

ALTERNATIVE DESIGNS

4.1 Baseline Ships

4.1.1 General

The requirements were that three single screw merchant
ships in the range of sizes corresponding to 30, 80 and 200,000
DUWT be used for the alternative designs, and that the hydrodynamic
performance of the hulls not be significantly impaired by changes
in the stern frames and hawsepipes. The hull forms were to be
representative of the ships being comstructed or contemplated for
construction in U.S. shipyards.

4.1.2 Criteria for Selection of Ships

The first criterion for the selection of baseline ships
for alternative designs was the deadweight capacity and the
second was that the stern frames and hawsepipes should be
representative of many single screw vessels to make the results
generally applicable.

At first this might seem like an awkward requirement to
fulfill, considering that single screw merchant vessels may vary
from a full-lined slow tanker to a fine-lined high speed cargo
ship. However, the stern frames as considered here are confined
within a small area around the propeller aperture; this area varies
significantly less on different ships than the general run of the
rest of the hull. )

Likewise, except for arrangement problems caused by varying
deck widths forward and variatioms in, and/or the absence of
bulbous bows with different ship types, the hawsepipes are also
similar.

Furthermore, it is considered unlikely that the high speed
ships of former years will be built in the future due to fuel
economy considerations. Keeping these considerations in mind,
it was decided that the criterion of general applicability could
be satisfied by the alternative designs regardless of the type of
baseline vessels selected. :



The third and last criterion was that drawings of the
-existing selected vessels be available for use in developing
the alternative designs.

4.1.3 Selected Ships

The baseline ships, selected as those which best satisfied
the criteria and for which drawings were available, were the three
classes of tankers built by National Steel and Shipbuilding Company:

o) 38,300 DWT 0il Tanker (Coromado Class)
o) 89,700 DWT 0il Tanker (San Clemente Class)
o 188,500 DWT 0il Carrier (San Diego Class)

Although it is felt that stern frame designs for full
form ships will be applicable to finer forms, as pointed out in
the criteria, the following additional points should be considered:

o0 No vessels other than Tankers and 0il Bulk Ore Carriers
(OBO's) approach 200, 000 DWT.

o Fine vessels of greater capacity than 50,000 DWT usually
have twin or more screws.

Detail drawings for both the stern frames and the hawsepipes
are available for all three of the baseline ships selected
[References 11 through 17]. Their forms are representative of .
the ships being built presently, and their hydrodynamic performance
will not be affected by the alternmative stern frame and hawsepipe
designs.

Schematic arrangements of the stern frame configuratioms
for all three selected baseline ship designs are shown in Appendix
B. |The configurations are all for a horn supported rudder and
sist solely of castings. The horn type configuration was
considered most representative since most shipbuilders indicated this
to be their preference during the surveys.

The selected baseline ships all have conventional straight
weldment hawsepipes with deck and shell bolster castings at the
ends. Schematic arrangements are shown inlzppendix B. |

Tables 4.1 throught the particulars of the three

baseline ships.
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TABLE 4.1:

National Steel and Shipbuilding Company

CORONADO Class Tanker

LoA - 688 Ft.:

LBP - - 660 Ft.
Beam - 90 Ft.

" Depth - 47 Fr. -
Draft, Full Load - 357
Deadweight _ - 38,300 L. Toums
Displacement . - 46,955 L. Tomns
CB - L .792
Shaft Horsepower - 15,000 SH.'P.
Pro;;eller Diameter - 22'-0", 5 Blades '
Anchors. - 2. Stockless; 17,200 Lbs.
Chain - 2-11/16", Extra High étrength, GR.3
Year Built - 195'6

4=3
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- TABLE 4-2:

National Steel and Shipbuilding Company

SAN CLEMENTE Class Tanker

LOA ) - 894 Ft.

LBP - .855 Fe.

Beam - 105 Ft.

Depth - 64'-6" at side

Draft, Full Load - 48'-11"

Deadweight ) - 89,700 L. Toms
Displacement - 106,000 L. Tons

Cy - ' .839

Shaft Horsepower - 24,500 SHP

Propeller Diameter - 26'-0", 5 Blades

Anchor - 2 Stockless; 25,800 Lgs.
Chain - 3-5/16", Extra High Strength, GR.3.
Year Built - 1976

4=4
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TABLE 4.3:

National Steel and Shipbuilding Company

LOA

LBP

Beam.

Depth

Draft, Full Load
Deadweight
Displacement

Cs

Shaft Horsepowef

SAN DIEGO Class Tanker

Propeller Diameter

Anchor

Chain

Year Built

951 Ft.
915'-0Q"
166 Ft.
78 Ft.
55 Ft.
188,500 L. Tons
216,762 L. Toms
.843
28,000 sHP
27'-4-3/4"
2 Stockless; 39,200 Lbs.
4", Extra High Strength, GR.3

1977

4=5
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4.2 Alternative Designs

4.2.1 General

The alternative designs were to be developed for each
baseline ship for three stern frames and two hawsepipes in
accordance with the following, as applicable:

o the first was to incorporate castings to the
degree they are still being used in U.S. shipyards

o the second was to feature virtually all weldments
and a conventional stern tube bearing

o the third was to consist of virtually all weldments
and an inboard accessible stern tube bearing

For the stern frames these three alternatives give a
general mix of different configurations with castings or
weldments.

For the hawsepipe configurations which were not
specifically defined at the outset, a billboard type anchor
stowage system and a conventional arrangement without deck
bolster were selected as the altermatives.

The billboard type of stowage is getting renewed interest
in Europe. In this arrangement, the hawsepipe itself and the
-shell and deck bolsters are eliminated. A description of a
typical billboard configuration and a patented chain stopper is
given in |Appendix B.

The advantages of the billboard system are discussed in
Section 3.4.2.

For the conventional anchor handling system with hawsepipe
and bolsters at the shell and deck, the deck bolster can be
dispensed with by incorporating a roller on the deck immediately
adjacent to and aft of the hawsepipe. This is genmerally accepted
as being more- facile and cost effective. The shell bolster is
still needed to guide the anchor so that it will secure properly.

The all~welded altermatives do not contain any high strength
steel for a number of reasons. For stern frames the mass of the
material is considered an important factor in reducing movements
due to local loads. This is reflected by the classification
society rules which set limitations on the geometry and/or the
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section moduli instead of limiting stress levels. For rudder
horns the use of high strength materials will be considered by
the classification societies but was deemed less desirable in
this study because of the difficulty in working with it. For
hawsepipes, the material must be thick enough to allow for wear,
more importantly than withstanding stresses, making mild stenl
more attractive.

oy oy

Although classification society rules may not explicitly
discuss the requirements for the very thick plates considered
in some of the alternative designs, they routinely allow their
use under certain material provisions.

The scope and the degree of detail for all ‘the altermative
designs are limited to the level necessary to perform the
required comparisons. In many cases structural analyses were not
- performed, but instead, designs were developed by adaption of
"designs from other ships for which drawings were available.

.

4,2.2 Stern Frames

The stern frame has been taken as the structure
immediately adjacent to the propeller aperture from the keel
to the aft side of the rudder horn. The internal floors and
shell plates adjacent to the stern frame are assumed identical
for either the weldment or cast type stern frames and therefore
are not considered in any of the comparisons. . Furthermore,
the large center vertical keel in the welded designs is assumed
to offset the floor extensions which are formed into. the cast
designs.

4.2.2.1 All Cast Stern Frames

Figures 4.14 4.2 kndl&.Blgive the altermative
designs for all cast stern frames for the 38,300 DWT,
89,700 DWT and 188,500 DWT vessels respectively.

In keeping with general U.S. shipyard practice,
the stern frames are divided into sectioms according to the
foundry and/or crane capacities. 1In this case the designs
were taken directly from the NASSCO drawings for the
respective baseline ships [11, 12, 13].



The sizes of the baseline ships’' castings were
compared to the minimum scantlings required by Det Norske
Veritas [8] and by the ABS [4] and found to be reasomable
and on the conservative side, in the order of 20% overall.
They were therefore adopted in their entirety.

It should be noted that for the baseline ships
considered in this study, the complete configuration consists
of a lower stern section, an upper section, two rudder horm
sections, and a propeller boss. For smaller ships, the
number of individual castings is usually smaller too.

4.2.2.2  All Welded Stern Frames

Figures 4.4, 4.5 and 4.6 present the alternative
designs for stern frames composed wholly of weldments
except for the rudder gudgeons which are significantly more

.amenable to casting. These three designs are for the 38,300,

89,700, and the 188,500 DWI vessels respectively.

The stern frame arrangement for the 38,300 DWT
vessel is derived primarily from the configuration of Todd
Shipyards' 35,000 DWT tanker [18]. The only modification to
the profile of the baseline ship is a slight shape change at
the trailing edge below the propeller boss to simplify plate
preparation.

Scantlings for the 38,300 DWT design were obtained
partially by adaption from the Todd 35,000 DWT design [18]
and from the Det Norske Veritas and the American Bureau of
Shipping Rules.

The 89,700 DWT and 188,500 DWT designs were obtained
by extending ‘the basic configuration of the 38,300 DWT vessel
with appropriate increases in the scantlings.

Additional details of the determination of all stern
frame scantlings are given in[Appendix B.
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4.2.2.3 All Welded Stern Frames with Inboard
Accessible Stern Tubes

Figures 4.7, 4.8 and 4.9 are the altermative
designs for all welded type stern frames incorporating
inboard accessible stern tubes (IAST) for the 38,300 DWT,
89,700 DWT, and 188,500 DWT vessels respectively.

The most extensive sue of the IAST's has been in
Europe. The two most popular IAST bearings are in the
Ross-Turnbull [29] and Glacier-Herbert [28] designs. For
oses of ease in modifying the existing weldment designs
'(F:.gures 4.4 [rhrough{%.6)] to incorporate the IAST's, one or
the other of these -bearings were utilized, based on the
information available.

For the 38,300 DWT vessel, the existing all welded
stern frame design was modified to incorporate the Ross-
Turnbull IAST bearing, in accordance with the scheme for
this bearing found on the FMC 35,000 DWT tanker [19 through
23]. The stern tube is approximately 3 ft. larger in
diameter than the conventional stern tube. Even though the
Ross~Turnbull bearing was selected for this vessel, it is
also possible to use a Glacier-Herbert design. The manu-
facturer of the latter bearing type maintalns that it will
permit smaller boss diameters. .

For the 89,700 DWT tanker, a scaled version of the
Seatrain Shipbuilding 225,000 DWT tanker design with Ross-
Turnbull stern bearing was used [24 through 27]. No profile
changes were made to the baseline ship. The stern tube is
approximately 4 feet larger in diameter than the conventiomal
tube. For this vessel too, a Glacier-Herbert bearing could
be used. The manufacturer's representative has expressed
willingness to develop specific data for this purpose. A
follow-on study on IAST applications could look into this
possibility.

The 188,500 DWT vessel IAST alternative design
incorporates a Glacier-Herbert bearing. Glacier-Herbert
designs for a 250,000 DWT tanker [28] indicate that their
configuration could be adapted without considerable stern
changes to the all welded alternative design.

L
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4.2.3 Hawsepipes

4.2.3.1 Conventional Tvpe

Figures 4.10, 4.11 and 4.12 give the alternative
hawsepipe designs consisting of a hawsepipe and shell bolster
with a roller fairlead at the deck, for the 38,300 DWT
89,700 DWT and 188,500 DWT-vessels respectively.

For the 38,300 DWT and 89,700 DWT vessels, the fore
and aft locations of the alternative designs, and the lengths
and inside diameters are identical to the actual designs.
However, the deck bolsters of the original designs were
replaced by heavy insert plates and roller fairleads.

In the case of the 188,500 DWT vessel, the alternative
design replaced the existing anchor pocket system and is
similar to those for the two smaller vessels, with the
hawsepipe length, inside diameter, and plating thicknesses
increased appropriately.

Additional details are presented in|Appendix B.

4.2.3.2 Billboard Configuration

Figures 4.13, 4.14 and 4.15 give the billboard
configuration anchor handling system alternative designs
for the 38,300 DWT, 89,700 DWT and 188,500 DWT vessels,
respectively.

The billboards have all been located forward of the
anchor windlasses so that the existing deck machinery
configuration is considered adequate.

The dimensions of the billboards were determined to
adequately stow the actual anchors of the baseline vessels.
The plating thicknesses were taken as identical to "the
conventional hawsepipe thicknesses without further analysis
since adequate margin for wear and tear would be provided.

L8 .
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SECTION 5.0

PRODUCIBILITY OF ALTERNATIVE DESIGNS

o

5.1 General

Producibility in the broad sense of the word has been defined
in this study in terms of the following parameters:

o material

o shipyard facilities

o planning and scheduling

o testing N
o comnstruction

o- cost

It can be surmised that some oi th2ze parameters can be considered
quantitatively while others can only be treated qualitatively. Turthermore,
several parameters are dependent on the capabilities, the geographic

locations and the related experience of the shipyards.

Each of the producibility parameters is discussed in limited
scope in this section. The final subsection presents the results of
the producibility analysis for the altermative designs described in
Section 4.0. .

5.2 Parameters for Prbducibility Anzlvses

5.2.1 Material

The materials associated with the construction of stern
frames and hawsepipes include the following:

o castings
o steel plate
o welding rods

o weldments

5-1




The castings and weldments are those that are purchased
from manufacturers outside the shipyard.

It has been found during the surveys that the situation
with regard to the source of castings can be quite different
from one shipyard to another. Where the shipyard itself or its
parent company has a foundry, a casting poured therein is pr-c a
direct material item and not usually subject to the long delivery
times required by independent casting manufacturers. In this
study, however, it is assumed that all castings are purchased
from independent manufacturers outside the shipyard, and the
results should be interpreted accordingly. This approach seems
practical particularly in light of the fact that even shipyards
with foundries may not have adequate pouring capacity for very
large castings.

Similarly, with respect to weldments, the plate bending
capabilities of the yards may vary considerably. Where plates
of 5 inches or greater thickness were used it was assumed that
independent outside fabricators would be given the work. This
occurred in the cases of the fabricated stern tube assemblies.

Welding rods and steel plaﬁes of any thickness do not

appear to present any problems from a supply standpoint, as
indicated by suppliers of these materials.

5.2.2 Shipyard Facilities

The yard facilities that may be used in the various stages
of stern frame and hawsepipe construction are plate bending
machines, welding and cutting equipment, heat treatment and
stress relieving equipment in addition to the general open and
covered yard areas, cranes, foundries, etc.

5.2.2.1 Yard Area

The yard area required for this construction is
small and presents no problem. As a consequence, however,
the stern frame construction may be performed anywhere in
the yard and requires lifting and transportation to the
erection site. A restriction on the area may occur if large
castings requiring large deep welds are involved. In such
cases it may be desirable to perform the welding under cover
to keep the welding, once it begins, out of the rain and
to "break the wind" in pre- and post-heating operatioms in
cold climates. These factors are, however, fairly negligible
from the standpoint of producibility since the space required
is extremely small.

alr pe



5.2.2.2 Cranes

Crane capacity places one of the greatest
restrictions on stern frame component and overall size -
in particular. In this study the casting compoment sizes
were kept at 40,000 pounds maximum. The overall
allowable stern module weight was assumed to be 140 t.ns
on the basis of maximum crane capacity. Both of these
values are considered to be practical limits for a number
of U.S. shipyards.

5.2.2.3 Plate Bending

Generally shipyards are equipped to bend
relatively thin plates into shallow shell shapes. The
"fabrication of stern tubes and hawsepipes is most easily
performed by rolling the complete cylindrical shape and
making one weld seam. This type of bending in conjunction
with the thick plates involved is not possible with all
types of shipyard equipment. Consequently, in this study
it has been assumed that stern frame castings are purchased
from independent outside fabricators. 1In additiom, it
should be noted that welding the required thicknesses
for stern tubes may not be possible at many shipyards. If
cost benefits can be obtained from in-yard comstruction,
the aforementioned factors should be taken into account
on an individual basis. :

5.2.2.4 TFoundries

As discussed in connection with "material"” in
Section 5.2.1 above, it is assumed that no foundry is
available at the shipyard. This should be remembered
in interpreting the results of this study for a shipyard
where in fact a2 foundry of adequate capacity is available.

5.2.2.5 Welding

The following welding processes are in more
common use in the shipbuilding industry:

0o Manual welding using stick electrodes (Shielded
Metal-Arc Process)
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0 Submerged-arc welding
0 Gas metal—-arc welding ‘
o Electro-slag or electro-gas welding

The various welding techniques differ in the
amount of automation that can be incorporated, the type
of equipment needed and the types of steels. and welds for
which they are most suited.

For the purposes of this study, the manual
welding using stick electrodes was selected for the
following reasons:

o Suitable for thin and thick plate welding

0o Can be used on any welding joints including butt,
tee and lap

© Any shipyard will have the manpower and equipment
available for this type of welding

o Can be performed in any position: horizontal,
vertical, or overhead

o The irregularity of the stern frame contours does
not lend itself very suitably to the use of semi- or
fully-automatic welding processes

It is assumed that all equipment for welding is
already available. Where cold and rainy weather is
expected during the welding, a facility with overhead
cover may be required.

5.2.2.6 Heat Treatment and Stress Relieving
Equipment

Heat treating of castings and weldments prior to,
during and after welding is not specifically required by
regulatory bodies or classification societies. However,
it is good practice to do so for ordinary strength steel
in plates of over 1" thickness. Some typical guidelines

for heat treating and stress relieving operations are given

in|Appendix C.
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The final requirements for pre—, interpass and
post-heat treatment of weldments and castings used in
this study were taken from typical shipyard drawings listed
in Section 7.0. These requirements are:

o DPlates. from 1-3/8" to 2" thick: Preheat to 150°F before
welding and maintain during welding. Low-hydroger
* electrodes to be used.

o Plates from 3" to 4" thick: Preheat to 250°~300°F
minimum before welding and ma2intain during welding.
Post-heat treat by cooling slowly drom the preheat
temperature at the rate of about 50°F/hour. Low-
hydrogen electrodes to be used.

o Castings: Preheat to 200°-300°F minimum before
welding and maintain during welding. This is to pertain
to all welded attachments of casting to casting and
other mild steel structure to casting. Low-hydrogen
electrodes to be used.

The type of heat treatment and stress relief
procedures just described can be adequately performed on
stern frames and hawsepipes using electric heaters and
insulating blankets. . It was assumed that this equipment would
be readily available in all shipyards.

5.2.3 Planning and Scheduling

It is difficult to quantify and analyze the planning and
scheduling requirements for stern frames and hawsepipes since
they consist of structural parts that can be assembled well after
the construction of the vessel has begun, but must necessarily

be installed before the construction is significantly near completion.

It is understood from the surveys that some shipyards do
not have planning and scheduling problems with respect to
stern frames and hawsepipes, yet others anticipate scheduling
difficulties. The apprehension is duc to the continual decrease
in the number of large casting manufacturers in the U.S., the
increasing lead times for delivery, and the decreasing quality.

No advantages or disadvantages are assigned to alternative
stern frame and hawsepipe designs on the basis of planning and
scheduling, since no significant problems have so far really been
experienced despite the fact that they were anticipated.

For use in interpreting the results presented in this
study, however, the following considerations are noted:
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o, The expected lead time for a domestic cast stern
frame (measured from the time the foundry receives
the pattern to when the yard receives the casting) is
6 to 12 months. Foreign foundries, reportedly, can
deliver a casting in 6 months.

o TFoundries and ship designers should endeavor to
finalize the plans for castings collectively before
production starts. This will help cut down the lead
time due to elimination of the need for plan revisions
suggested by the foundry in order to improve the
casting and its production.

o At the shipyard, the construction of welded stern
frames is more labor intensive than the welding
required for construction of most other parts of a ship.

o Reference [30] discusses photogrammetry, which has been
used by a shipyard to verify casting dimensions at the
foundry before the casting was delivered to the shipyard,
thus insuring an adequate fit. This will result in
reduced delays for those castings which may be faulty.

5.2.4 Testing

The testing requirements of the castings and weldments can
be derived from the American Bureau of Shipping and/or other
classification societies rules and expanded by the opinions of
the designers.

Shipyard contracts with casting manufacturers are generally
worded such that the testing requirements must be met by the latter.
Therefore, these costs appear as part of the direct costs to the
shipyard for the castings and thus require no further consideratio
in this study. E

Welding of castings to castings, plate to castings or
plate to plate in stern frame and hawsepipe comstruction will
entail satisfying several requirements of the American Bureau of
Shipping and/or other classification societies. These can be
summarized as follows: .

o TFillet welds of normal strength castings and thick
plates do not generally require nondestructive testing
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Butt welds or thick plates (up to arcund 2") or
castings forming part of the shell will require
ultrasonic testing

For butt welds of thick plates or'castings much

over 2" in thickness, regardless of location,
radiographic testing will be required

Where nondestructive testing is not specifically required
by the classification society, the designer may still decide to
call for testing of thick plate welds. This would entail
either magnetic particle tests or ultrasonic inspections.

As a synopsis of the various testing criteria discussed
above, it is assumed for the purposes of this study that omnly
the American Bureau of Shipping requirements must be satisfied;
this would represent the general procedure. '

5.2.5 Construction . .

The construction of all the alternative stern frame and
hawsepipe designs developed in this study is considered to be
.feasible with existing shipyard manpower and equipment subject
to the restrictions implied above.

Consequently, no additional assumptions or stipulations
are deemed necessary regarding construction requirements.

5.2.6 Cost Estimates

(o]

o

o]

5.2.6.1 Generzl

The  cost estimates for various stern frame and
hawsepipe alternative designs were divided into the
following separate categories:

Material
Welding

Cutting
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o Patterns and Layout

o Rolling, Jigging, Field Cutting and Alignment,
Heat Treating, Testing, Transportation

The cost estimates are based on 1977 dollars
and are- for constructing all parts in the United States.
Furthermore, the cost estimates are based on producir, a
single ship. Non-recurring costs, such as patterns and
layout templates, will be spread over several ships of
a multiple order contract. It is felt that the cost for
the shipyard production of a good casting pattern will be
approximately equal to:. five times the:-cost of producing
a good set of layout templates for weldment designs.

In the following subsections, each of the cost
categories will be discussed in more detail and then
collectively summarized.

Additional details of the cost estimates appear
in |Appendix C. :

The costs are for the complete fabrication of the
stern frame or hawsepipe alternatives but do not include
the cost of welding them into the ship structure.

5.2.6.2 Cost Categories

(a) Material

The material costs include those for steel plates,
welding rods, castings and weldments.

For plates a cost of $.25/1b was obtained from
several suppliers and verified by shipyards.

The costs of welding rods has been taken into
account in the preparation of welding estimates.

The casting costs were obtained from the shipyards
except for the bolster alternative design for the
188,300 DWT vessel and all gudgeon castings, which were
estimated using available data on other similar castings.
The costs of manufacturing, heat treating, shipping to
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the yard, and testing are included in the overall
casting costs. Other costs associated with castings
are included elsewhere. :

A number of fabricated compoments were
assumed to be obtained from outside the shipyard.
These are:

Lo} The stern tube assemblies for 2ll conventional
welded stern tube alternative designs

o0 The stern tubes and bossings of the inboard
accessible stern tube design alternatives

The costs of these components were estimated
on the basis of a direct quote obtained from a weldment
manufacturer for the 38,300 DWT vessel stern tube assembly.

The conventional stern tubes of the larger vessels
were assumed identical to those of the smaller vessels
since the actual sizes were very nearly identical.

. The cost of the inboard accessible stern tubes
was determined by adding a "met extra cost" of constructing
an IAST instead of the conventional stern tube reported
in [28]. The weldment costs include those for material,
heat treatment, welding, testing and shipping. Internal
structures such as bearing supports have been accounted
for in both the conventional stern tubes and the IAST's
through the use of a 10% margin. ’

The final costs of materials for all the alternative
designs are given in columns 1 and 2 of the cost summary,
lTables 5-1, parts A Fnd B.

(b) Welding

For the determination of welding costs for
all cases, the following procedure was used:

o Measure length of various welds for the altermative
designs from the drawings

5-9

-————— &



o Obtain weld metal weight per foot from Reference
[31]. Tables give the required data as a function
of weld type and thickness.

o Obtain cost.of welding per 1lb. of weld metal from
Reference [32] by assuming a 30% operating factor
defined as actual arc welding time to elapsed tim~.

A labor plus overhead rate of $20 per hour was
assumed. The operating factor of 30Z is rather

low, but is considered reasonable for field welding

of stern frames. In fact, one shipyard commented that
welding may require even a lower operating factor.

The welding costs are summarized in column 3
of [Tables 5-1, parts & Fndi

(c¢) Cutting

Reference [33] indicated that cutting costs
generally range from 15 to 40% of the material costs;
some shipyards commented that even 40% may be somewhat
low, but this figure was adopted in the study.

I results are listed in columns 3 and &4 of
[Tables 5-1, parts A|and

‘(d) Patterns -and layout

Costs of patterns for castings were obtained
from shipyards. These were taken to be 25% of one
cast assembly for stern frames and 100% of one cast
assembly for bolsters.

In the case of fabricated stern frames, the
costs to the shipyard for the development of offsets and
scribing of plates were assumed to be one fifth of the
pattern cost for castings. For the hawsepipe alternatives,
these costs are considered negligible.

Cost figures for patterns and layouts are listed
in columns 4 and 5 of [Tables 5-1, parts 4 and

~ ~

5-10



(e) Rolling, Jigoing, Field Cutting and Alienment,
Heat Treating, Testing, Transportation (In Yard)

The numerous cost items listed here were
lumped into one category since data was not available
for each. Shipyard comments have implied these costs
can amount to 150% of the material costs and this wvalue
has been adopted for the analyses performed in this study.

Similar costs applicable to castings were
assumed to be one fiﬁth of those for weldments.

The- cost figures for this category are shown
* in colummns 5 and 6 of [Tables 5-1, parts A land[B, |for
stern frames and hawsepipes respectively.

5.2.6.3 Summaryv of Costs for Various Categories

The total costs for the construction of a single
unit of the stern frame and hawsepipe alternative .designs
are given in columns 6 and 7 of |Tables 5-1, parts B |and
for hawsepipes and stern frames respectively.

For a multiple production order of five units,
the costs are shown in [Tables 5-2. | The difference is due
to the sharing of the pattern and layout template costs
over the five units. Note that the layout template costs
for weldment designs were taken as 1/5 of the pattern
costs for cast designs. No advantages were given for
learning in any of the configurations.

The costs for both single and multiple ships
indicate that fabricated stern frames, whether with
conventional tubes or IAST's, are significantly less
expensive than cast stern frames.

The hawsepipe cost estimates reveal that for
single ships the billboard type arrangement costs
approximately the same as a fabricated conventional
hawsepipe with a cast shell bolster. For multiple
ships, the costs of the conventional system decrease
somewhat while those of the billboard system do not.
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5.3 Discussion of Results

In section 5.2, it was stated that for the purposes of this
study, all factors except costs influencing the producibility
of stern frames and hawsepipes were assumed to remain equal for
various alternative designs. The reasons for this assumption were
cited in applicable places. Consequently, the producibility of
these components is being measured on the basis of costs alone.
For individual cases, however, where some of the other producibility
factors might be important and different from what was assumed here,
the differences must be taken into account as previously indicated.

It is evident from a review of the cost summaries of Tables

| 5-1|and [5~2 lthat fabricated (all-welded) stern frames cost less

an all cast stern frames.

The all cast stern frame costs for the production of a single
unit range between $418,000 and $524,000; while the range for all-
welded stern frames is $155,000 to $270,000. The accuracy of the
absolute numbers and their applicability to any and all shipyards
is naturally debatable; however, the trend becomes clear that all-
welded stern frames are more producible. The fact that they are not
selected by most shipbuilders today may possibly be a result of
individual economic situations and possibly traditional preferences.
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TABLE 5-1: Part A - Cost Summary for Alternative Stern Frame Designs
) 2 3 4 5 6 © 7
Alternative Stern Frame| Stern Tube Welding Flame Pattern Rolling, Total
Design Material Constructed Costs ($) ]| Cutting |or Layout [Jigging, Etc. Costx($)
Costs($) Costs (%) Costs(§) | Costs($) Costs ($)
1. All Cast |
38,300 DWT 329,700 NA NA NA 82,400 5,850 417,950
2. All Cast
89,700 DWT 335,000 _NA NA NA 83,3800 8,320 427,120
3. All Cast .
185,500 DWT 411,000 NA NA NA 102,800 10,100 523,900
4, All VWelded
. 38,300 DWT 19,400 41,580 40,700 7,800 16,500 29,100 155,080
5. All Welded ‘ \ -
89,700 DWT 23,400 41,580 53,700 11,350 16,800 42,600 194,430
6. All Welded
188,500 DWT 33,600 41,580 63,700 13,400 20,600 50,400 223,280
7. All Welded
38,300 DWT IAST 19,400 77,000 40,700 7,800 16,500 29,200 190,600
8. All Welded
89,700 DWT IAST 27,000 104,900 53,700 11,100 16,800 41,500 . 255.700
9. All Veclded 33,600 104,900 63,700 13,4C0 20,600 50,500 286,700

138,500 DWT IAST
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TABLE 5-1: Part B - Cost Summary for Alternative Hawsepipe Designs

Y1-¢

1 2 3 4 3 6
thernative Plating Shell Bolster Welding & Pattern Rolling, Total
Design Costs($) Casting Cutting or Layout Jigging, Etc. Costs($)
Costs (%) Costs ($) Costs($) Costs($)

10, Billboard

38,300 DWT 6,200 NA 6,000 NA 9,300 21,500
11. Billboard

89,700 DWT 9,700 NA 9,500 NA 14,550 33,750
12, Billboard :

188,500 DWT 11,300 NA 10,500 NA 16,950 - 38,750
13. Hawsepipe

38,300 DWT 1,400 8,900 4,000 9,000 2,100 25,400
14. Hawsepipe ‘

89,700 bwt 1,900 23,800 7,780 24,000 2,850 60,330
15, Hawsepipe

188,500 DWT 3,100 11,800 8,400 11,000 4,650 38,950
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TABLE 5-2:

Stern Frame and Hawsepipe

IAST, 188,500 DWT

PART A Costs of Alternative Designs
) for
Production of Five Units
Alternmative Pattern or Single Cost per
Design Layout Template Unit Unit for
Cost . Cost Five Units
)] ($ (%
1l. S.F: All Cast
38,300 DWT 82,400 417,950 352,050
2. S.F.: All Cast -
89,700 DWT 83,800 427,120 360,070
3. S.F.: All Cast
188,500 DWT 102,800 523,900 441,700
4. S.F.: Weldment
38,300 DWT 16,500 155,080 155,080
5. S.F.: Weldment )
89,700 DWT 16,800 134,430 194,430
. 6. S.F.: Weldment
188,500 DWT 20,600 223,280 223,280
7. S.F.: Weldment )
IAST, 38,300 DWT 16,500 181,690 190, 600
8. S.F.: Weldment
IAST, 89,700 DWT 16,800 238,930 255,700
9, S.F.: Veldment 20,600 269,930 286,700
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TABLE 5-2: Stern Frame and Hawsepipe

PART B Costs of Alternative Designs
for

Production of Five Units

Pattern Sin
Alternative or Bniie Cost per
Desi Layout Template Cost Unit for
gn Cost ) s Five Units
)} % ($]
16. E.P.: Billboard ) — 21,500 21,500
38,300 DWT
1l. H.P.: Billboard
12. H.P.: Billboaxrd
188,500 DWT - 38,750 38,750
13. H.P.: 38,300 DWT 9,000 25,400 18,200
14, H.P.: 89,700 DWT 24,000 60,330 41,130
15. H.P.: 188,500 DWT ’ 11,000 38,950 30,150
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B.

APPENDIX A.l

LI ST OF SURVEYS AND | NTERVI EW6

Preliminary Surveys at Shipvards

1.

2.

TODD Pacific Shipyards Corporation
Los Angeles Division
San Pedro, Califormia

SEATRAIN Shipbuilding Corporation
Brooklyn, New York

Final Surveys at Shizzards

3.

4.

5.

8.

AVONDALE Shipyards, Inc.
New Orleans, Louisiana

BETHLEHEY Steel Corporation
Shipbuilding Division
Sparrows Point, Maryland

FMC Corporation
Marine and Rail Equipment Division
Portland, Oregon

LITION Industries, Corp.
INGALLS Shipbuilding Division
Pascagoula, Mississippi

NATIONAL STEEL and SHIPBUILDING CO.
San Diego, Califormia

NEWPORT NEWS Shipbuilding and Drydock Co.
Newport News, Virginia .
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Interviews with Regulatory Bodies

1.

2.

American Bureau of Shipping
New York, New York

U.S. Coast Guard
Merchant Marine Inspection Office
New York, New York

Interviews with Design Agents

l.

2.

George G. Sharp, Inc.
New York, New York

John J. McMullen, Inc.
New York, New York

Interviews with Casting Vendors

1.

BETHLEHEM Steel Corporation
Foundry Division
Bethlehem, Pennsylvania

BIRDSBOROC Corporation
Birdsboro, Pemmsylvania

Correspondence With

1.

2.

General Dynamics Corp.
Quincy Shipbuilding Division
Quincy., Massachusetts

AB Gotaverken
Goteborg, Sweden

Chicago Bridge & Iron
Birmingham, Alabama

Sun Shipbuilding and Drydock Co.
Chester, Pennsylvania
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Configuration

L.

What type of stern configurations are you now constructing or anticipate

constructing (such as horn type rudder with transom stern, balanced rudder

with shoe, etec.)?

What type of hawsepipe configurations are you now constructing (hawsepipe -

no bolsters; hawsepipe with bolsters - anchor exposed; hawsepipe with

From fabrication point of view, which type of stern frame and hawsepipe

What is the shipyard's position in deciding the configuration of the stern

APPENDIX A.2

SURVEY QUESTIONNAIRE

.~

Entirely decided by the owner's design agent?

Do you have any experience with inboard accessible sternm tubes?

Are your stern frames and hawsepipes currently of the forged, cast, welded

What is the method of comstructing the stern frame and hawsepipe in

Does your present method of constructing stern frames and attaching them

to the rest of the ship require a specific stern frame design?

Have any specific designs given you significant construction problems?

What is your past experience with stern frames and hawsepipes, especially

with substituting fabricated components in place of castings and forgings?

Did you ever encounter any failure in these components?

Any special skills or extra engineering required by the

Any problems with planning, scheduling, tooling, etc.?

2.
anchor pocket; other)?
3.7
does your yard prefer?
4,
frame and hawsepipe?
5.
Construction
1.
or mixed type?
2.
your yard?
3.
4.
5.
6.
repair it?
7.
8.
9.

What is the percentage of wastage from rough casting to

machined product?

How did you

yard?

finished,

-



Survey Questionnaire Continued

Design Loadings for Stern Frames and Hawsepipes

1. Any information on the loading that stern frames and hawsepipes are
subjected to? Any loading values for basic rationed design?

2. How do you determine the slope of the shell bolster and its scan:lingé?
What percent do you attribute to wear?

Economics

1. What do you think are the significant-economic considerations for various
stern frame and hawsepipe alternative manufacturing processes?

2. Do you have any cost data for recently manufactured stern frames and
hawsepipes?

3. For larger ships, at least some weldments have replaced casting and
forging. However, most ships still have the shoe piece, prop. bossing
and rudder bearing support casts. Is this for economic reasons?

4, Do you have estimates for manpower, materials and special facilities
required for production of stern frames and hawsepipes?

5. Are stern frames and hawsepipes labor intensive products?

6. Would you be willing to review our comparative cost estimate for alternmative

stern frame and hawse pipe designs?

Classification Societies

1.

Do you think the present classification society rules are adequate from

the standpoints of stern frames and hawsepipes?
Any problems with classification society rules for building and inspecting?

Which classification society do you prefer? Which one is more

rational, easier?

Do you have in-house criteria to develop stern frame and hawsepipe

scantlings?
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Survey Questionnaire Continued

Vel di ng

L.
2,

3.

What type of welding do you use to weld two heavy castings?

I's your yard capable, fromthe standpoint of qualified welder
equi pnent and facilities, to weld thick late? s to what thickness?

What is your capacity to stress relieve any wel ded structure?

Vendor Supplied Castings and Forgings

L.

Nanes of vendors used for specific castings and forgings (for stern
frame or hawsepipe).

Wat lead tinme do they normally require? Delay in delivery? How
about rejections?

How do they normal |y charge for castings? For forging? By weight?

How i s the actual size of any casting deci ded?
a) Sole piece?

b) Stem tube?

¢) Rudder carrier?

In general, history of relations with vendors?
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APPENDI X. A. 3

EXCERPTS FROM SURVEYS & INTERVIEWS

Table A 1 lists the vessels by class and size which were
examned and/or detail drawings for stern frame and hawsepi pe
arrangenments obtained fromtheir building yards.

Excerpts from surveys and interviews conducted with shipyards,
regulatory bodies, design agents, and foundries are presented below.

AVONDALE SHIPYARDS

1. Could not procure castings as large as a 200,000 #-

in U.S. Foundry could pour but could not get in any time
frame. 1In 1974, went to combined welding-casting system.
Gudgeons are castings. Most of bossings are castings. Rest
are weldment.

2. Use castings for bolsters. Cast in Avondale Foundry.
On later ships cast rollers. Hawsepipe is rolled, same
thickness all around. No hardening; no ships reported

3. Avondale has not built any ship with inboard accessible

stern bearings. A possible design for an oil tanker was
studied but never installed.

4, Plates used are 2"-3" mild steel. Electro-slag welding
has been used for shell plates. Leave %" material for machining.

5. No formulas for loadings. ABS has an allowable stress

for casting of 6 KSI. Have performed a full analysis for rudder -
horn. TForces and moments from self-propelled model tests done

by NSMB and fine element model analysis. TFind stress distribution,
1 KSI max.

6. Cannot quote representative costs. Selected castings because
of availability. Would like to buy the piece and plug it in
because they want to eliminate welding.
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(Avondal e)

BETH

7. Furnace can handl e a rudder horn turned sideways diagonally
across the doorway. For a 100,000 DM Tanker the casting can
reach 240,000 # - can be a problem

8. Had good relations with casting vendors in general.
Never held up vessel with castings

SPARROAS PO NT

L Most of the ships built in this yard are

Rudder with horn, seni-balanced rudder and transom stern.

No ships with shoe pieces. Normal configuration for hawsepipes
used in this yard, 1.e. straight hawsepipe with upper and | ower
hal ves of different thickness anti all fitted with shell and deck
bol sters. Recent ships have been fitted with a roller at the
deck instead of deck bol ster (have not built a recessed anchor
pocket yet). They prefer a combination of casting and wel dments
Stern tube bossing, rudder gudgeons (including |ower portion of
the rudder horn) are usually cast, the balance of the stern
frames are fabricated.

2. Stern frame is constructed as portion of the stern nodul e.
Hawsepi pes are individually fitted into the bow structure.

3. The shipyard can construct any type of stern frane.
However, the stern frame itself should be one that can be
constructed. Recently, they bought a design from one shipyard
and they found out that it was not possible to construct the
stern frame as shown on the drawings. Some nodifications had
to be made.

4. They never encountered any failures in the stern franes.

S. No loading criteria for design; ABS rules are used.
They use a Hawsepipe Slope of 45°; and they always make an
anchor handling model.

6. For best econony, keep design sinple and easy to construct.
Labor costs are the largest single factor. Keep away from HTS.
Sone designers use HTS but the scantlings are in accordance with
ABS rules for MS. It is just a waste of noney.
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(Beth. Sparrows Point)

1. No cost data available. It is inpossible to give a
single cost to reflect the costs on all ships.

8. Use manual electro-slag wel ding; never-use thermt

wel ding. The shipyard is equipped to weld any thickness of
plate. The size of the stress relief room is 34" long x 15
wide x 12'-6" height. Any conponent can be stress relieved
if it can be fitted into this room For local stress relief,
there is no size linit.

9. Bethlehem Steel's Foundry Division is the only one they
deal with. Lead times can be 1 year for castings, 8 months

for forging. There are normal delays, but not bad; no outright
rejection yet.

10. The normal charge for casting, with extra for pattern, if
the foundry has to supply it. Nofigure for cost is worth
giving, it is too conmplex, however, if a figure has to be
given, would say $.70/# plus cost of pattern.

FMC CORPORATION

L. | nboard accessible stern tube is installed on the CHEVRON
Tanker. The tube was fabricated in this yard. 84" QD.; 1" &
3" plates. The 1* plate extended to the aft collision Bhd
Rudder horn was cast by Washington Iron Wrks of Seattle, Wsh
It was cast in 3 pieces and shipﬁed to San Francisco, Bethlehem
Steel Shipyard for machining. The 3 pieces were welded in FMC
The total weight of the rudder horn is 35 tons.

2. FMC can weld thick plates and has experienced no problens
so far.
3. Horn rudder and transom stern are fitted on the CHEVRON

Tanker. Horn and shoe are cast; others are fabricated. (See
Figure A.l for a sketch of stern.frame arrangement.)

4. For hawsepi pe, they woul d use heavy duty pipe (comercially
hard drawn pipe) and cast bolster. Prefer exposed anchor, because
of its cheaper installation. They build model and check anchor
housi ng.

5. On the CHEVRON Tanker, N ckum & Spaul ding, owners’ design
agent, did sone analysis. Owner had requirements in addition to
ABS requi rements



(FNC Corp. )

6. The stern frame and hawsepipe for the CHEVRON Tankers
require no special skill and training.

7. Casting and weldment costs are 50/50. Costs more on
cast if done outside but no labor inveolved. If fabricated i
yard, it probably costs less but needs a lot of manpower.

FMC has no foundry facility.

8. They use subnerged-arc wel ding whenever they can. Use
electro-slag and thernit welding for heavy work. They do
not, however, have the equipnment to do electro-slag welds.
Wul d have to either procure the equipment or rent one

9, 2 thick plate is the thickest they ever weld. They
don't see any problemwith thicker plate even though they
have never done any.

10. Have no furnace for subassenbly or component stress relief,
For local stress relief, asbestos blankets and electric heaters
are used. This gives good results.

11. 12 to 15 nonths lead time is required for castings. This

is the latest delivery period they got fromthe bid they sent
out for a recent new construction.

| NGALLS SHI PBUI LDI NG

L. Stern frames have been conpletely fabricated for 15 years.
Needed to do this because not only cheaper for the yard but had
scheduling problems with castings. Just the LHA & Destroyers
under construction at this tine.

2. LHA & DD hawsepipes are rolled plate; shell and.deck-bolsters
are castings. The plate used on Destroyer is 13%" HTS, on LHA

mild steel (2") rolled at Litton. Single roll with just one weld.
Casting comes into hull at either end about 12%.

3. No problems with weldments after construction; they are
annealed after all welding; done at yard, but with difficulty

because of the size of their furnace. Comnstructed bigger

weldment pieces than castings to reduce labor and make better fairing.
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(Ingalls Shipbuilding)

4, During the last five years deliveries of castings had
become too lomg. For a reasonably larger size, need 32 weeks
to 1 year. Vendors have been asking for smaller pieces which
they then weld to make the bigger pieces. Yard then has to
make sure that all welding is 211 right. Litton does some

of its own fixing to needed quality.

5. They have wel ded in the past up to at least 5* thick plate.

6. In the vyears past, no real problems with vendors. In
recent years had nmore problens but never insurmountable.
Problems were not big enough to discourage conpletely the use
of casting.

NASSCO

1. All ships presently designed are horn type, semi-balanced
rudder, cast stern frame. The stern frame is divided into
5 pieces:

Lower shoe piece

Boss

Banana (curved portion above the boss)

Horn (2 pieces)

2. Spade rudder is very ufieconomical due to its short span for
suppoxt and the resulting large rudder stock diameter.

3. Study made on SAN DIEGO Cl ass Tanker for “Shell G117,
189,000 DWI. The casting for a single section weighs over

100 tons. No one in this country wanted to cast because of
wei ght.  One mixed design for rudder horn, etc., was sent out
for cost estimate. Japanese yards suggested casting the whole
thing and their cost was so |ow that NASSCO went for casting.
Figure A-2 is a sketch of the stern frame arrangenent for the
SAN DI EQO tankers.

4, COLORADO O ass Ship, 38,000 Tanker. Six built, castings

were. made by National Forge. The sane cast pattern can be used
for a 45,000 T. ship.
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(NASSCO)

5. NASSCO designed a particular configuration of sterm
frame which can be used on different sizes of ships. Design is
made for the bigger ome so that it is slightly "over-designed"
for the smaller ones. Figure A-3 shows the configuration for
the 89,700 DWT SaN CLEMENTE class tankers.

6. They fabricate their own hawsepipes, with end removable
roller, up to 24" hawsepipe; they use one thickness of pipe.

1. Al'l atest NASSCO designs have high hol ding anchors with
pockets. No chain pipe is needed, since chain locker is right
bel ow the deck

8. NASSCO 1s very conservative about inboard accessible stern
tube. The attitude is wait and see. They have not installed
one as yet.

9. NASSCO does its own final machining; no serious problem
about 10% extra is allowed for final machining

10. They use manual electro-slag welding on stern franmes, one
pass at a time with good pre-heat. They can weld any thickness

of plate or castings. They can do stress relieving by using
their furnace

11. They renenber hardly any rejections on stern frane or
hawsepi pe castings for comercial ships. The vendors would do
any repairs needed such as sand inclusion. In commercial ships,
NASSCO requi res more inspections than ABS calls for in high
stress areas; some x-rays, ultrasonics and die penetrant tests

NEWPORT _NEWS

L. They like the horn rudder configuration. Upper horn section
and stern tube are castings. Al castings except rudder horn

were done at the yard's foundry. They have wel ded webs in horn
casti ng.

2. They use snug storing anchor. The 390,000 DWT VLCC has a
eylindrical bow, and a weldment to make anchor clear the side of ship

in the forward end. They do not recommend the use of doubler plates in
way of anchor stowage. They use rolled plate for hawsepipe construction;
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(Newport News)

two different thicknesses for hawsepipe: generally thicknesses
for top and bottomare chosen from previous designs

3. They have |ooked at inboard accessible stern tubes

but did not use.

4, Stern nodule of subassenblies contains stern frames

5. Very few rejections on castings. No substantial wastage.
6. Work scheduling requirements may call for the use of

castings because the vyard can always do that work and needs to
keep the foundry busy.

1. Shipbuilding in general is labor intensive. Stern franes
and hawsepi pes are nore labor intensive than other parts of ships.

8. Bet hl ehem has supplied the |arge castings for the ULCC
The yard does all castings up to 75,000 # however

9, Newport News devel oped their own design |oads. Conplete
analysis of the stern end for tanker was performed including a
full structural analysis.

10. They don’t anticipate using shellbol sters anynore
They made tests for tanker anchor handling arrangements

11. They use electro-slag welding. No thermt welding.
Unlimted thickness of plate can be wel ded

12. They stress relieve the whole rudder. Avery large
furnace to stress relieve large structures is available.

SEATRAI N
L The large tankers are designed with a large spade type rudder

2, They have no foundry and accordingly would not want to do
a ship with large castings.

3. The TURNBULL type inboard accessible stern tube's split
bearing on the tanker required a casting. Bearing tube was
rolled from 2" plate. Had aft end of bearing housing cast in
Norway for one or two ships, and others by Mester.
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(SEATRAIN)

4. Seatrain uses nodul ar construction; builds from bottom up
Bearing casting is welded accurately in place. Boring is done
before the installation. Laser beans are used for centering
pur poses.

5. They used “Norske Veritas” rules on the tanker. ABS rules
are not adequate for designing stern frames and beari ngs.

6. It is difficult to separate cost of welded stern frane
because it is part of the Stern nodul e.

7. Welding of 4" plate would require pre-heating and stress
relieving. It would have to be nmld steel (175° for pre-heat).
High strength steel would require higher tenperatures for
pre-heating.

8. Lead time for castings range from6 to 18 nonths, a rea
problem Now they don’t know where to go for castings
Foundries are reluctant because-ship’s castings are getting
to be too big and conplicated with too many chances for

probl ens. Seatrain installed spade rudders on the tankers
because rudder horn castings would be too costly.

9. No shell bolsters on the oil tanker; had a support ring

near the end of hawsepipe originally but it was elimnated
because no wear was reported

TODD LGS ANGELES

L Presently under construction is the forebody of an
Ammonia carrier. This is to be joined with the stern of a
T-2 tanker in Portland, Oregon, by Northwest Marine and Iron
Wrks. Todd Los Angel es therefore has only the hawsepipes for
this vessel. No stern frame construction.

2. Previously, they have built end delivered 25, 000 DM tankers
for Marine Transport Lines and 35,000 DW tankers for Zapata
Corporation. These two vessels had identical stern franes

and hawsepi pes.
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(Todd LA)

3. Hawsepipes for' the Ammonia carrier are manufactured from
rolled steel plates and they have a cast shell bolster. The
rolled pipe is farmed out - bought as rolled per specifications
prepared by yard. Shell bolster casting is also farmed out,
but installed in place by the yard. The design of the shell
bolster is such that the topmost periphery of the bolster butts
onto the deck plating.

4. The weight of the shell bolster casting was 7,300 Ibs

each and the hawsepipes weighed 7,500 |bs. each. The origina

lead time was 10-12 weeks (for shell. bolster only); it was actually
delivered in 6 nonths. No machining was done on this casting

in the shipyard. It was just sandblasted and installed.

Therefore no wastage information exists

5. ABS rules were followed in the design of hawsepipe.
Todd s opinion is that the ABS rules are explicit and sinple.

6. The design agent had used a nodel of the hawsepipe and
shell bolster, but no load information is available at the yard
The |oads, reportedly, are accounted for by the use of ABS

equi pment nuneral s.

1. No operational failures were experienced on any hawsepi pes
or stern frames in recent Todd Los Angeles nenory. Production
probl ens experienced with the hawsepi pes of Amonia carriers are
fitting the bolster in place (requires very good ship fitters)
and wel ding (problems associated with welding castings to

mld steel).

8. On the 35,000 DW tankers, the rudder horn and stern

tube are castings. Stern frane is of welded construction. The
yard, reportedly, received the rudder horn casting in “rough
machi ned” form and did the finish-machining thenselves

AMERI CAN BUREAU OF SHI PPI NG

A Hawsepi pe

1. There is no design load criteria for hawsepi pes and bol sters.
Whatever is already in the ABS rules has been working well and
they are satisfied with it.
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(ABS)

B.

2. ABS does have an "“in-house'" approximate formula for
designing hawsepipe and bolster.

3. Some large tankers have been built without any bolster
(such as Seatrain's STUYVESANT). If this works out successfully,
the bolster can be dispensed with. ABS' opinion is that some
ouner may try something different. But ABS still prefers a
bolster or at least a large radius at the shell and the deck

to avoid damage to chain links and bend of anchor shank.

o - There is no on-going-.study or research program
regarding hawsepipes and bolsters at ABS.

o Regarding recessed anchor pocket on some of the
ships, ABS thinks that it is primarily a Navy
configuration. It is still not widely used in commercial
ships in this country. ABS will approve both the
recessed type and the one with shell bolster.

Stern Frame

1. ABS thinks that fewer and fewer ships, especially the
large ones, are using shoe pieces. Most new construction has
a configuration of rudder horn and semi-balanced rudder. Some
even have spade rudders.

2. ABS will approve both built-up and cast shoe pieces,
rudder horn, stern tubes, etc. ABS will also approve combination
of casting and built-up components.

3. Disadvantages of castings:

0 Cetting a sound casting, especially a large piece
is a real problem

0 Long lead times and often delays in the delivery of
casting from foundry to shipyard are experienced
inthis country.

0 Change of sections is a problem causes discontinuity.

0 Cannot be inspected thoroughly. Can only be surface
inspected. No x-ray can penetrate deep enough

0 Corrosion in welds in sea water is a problem (have to
use expensive therm-weld to repair).
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4, Disadvantages of fabricated components:

o Too narrow at the aft section to put some meat
into it and hard to fabricate.

o Shape  changes a lot, may need furnaced plate.

o Certain components are just not made for fabricationm,
such as shaft bossing and gudgeon.

S. Repairs to fabricated components are comparatively easier
than for cast ones. Cast components have to be heated sometime
for welding work. This takes time and loss of revenue.

6. Allowable stresses for shoe pieces are low, in the order

of 5,000 or 6,000 psi. The allowable stresses for rudder horns

are published in the Rules and they are, too, rather low (approx-
imately 6700 psi for castings and 8500 psi for plating) because
stiffness is the governing criterion. ABS feels that these stresses
should more appropriately be called stress numerals as they are
directly related to one particular formula used to compute the load-
ing.

7. No record is available on the percentage of welded stern
frames vs. cast ones in all the ABS approved work. However, from
what they can remenber:

0 Ships with shoe and w thout shoe are about 50-50
For the ships with shoe pieces 90% are cast ones

0 Ships with rudder horns, in general, use a conbination
of castings and fabrication. Probably a little nore
fabrication than casting

0 For smaller size vessels, nore are equipped with rudder
horn than with shoe pieces

8. ABS minfains that the classification requirenents, iL.e., the
Rules, are intended for use as a tool to establish a vessel's sea-
worthiness. The Rules “tend to contain quite specific minimum
requirements for the structural components, which, based on our
experience, are considered either important or have been found
troublesome, such as rudder horns and shoe pieces, while at the
same time we try not to hinder the creative ingenuity of the Naval
Architect".

McMULLEN

1. J. J. MMillen does not normally do any detail structura
work. Their main work is feasibility studies and contract
designs. In the contract design, the outhoard or inboard

profile configuration includes the stemframe but the shipyards
can change it if they want to.

2. They have never specified any inboard accessible stern tube
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(3.3. MMl | en)

3. They usually use conbined castings and wel dments for
stern franes; stern bossing and rudder bearing supports are
always cast, or forged if they are small; others are fabricated.

4., They have not encountered any design problems nor
encountered any failures of stern frames.

5. They do not have any loading information on these items.
They use BS or Norske Veritas rules.

6. They feel that the class society rules are not adequate.
They use one or all of them for the design.

GEORGE__SHARP

1. They do the design and configuration of the stern frames
and hawsepipes, however, they give the shipyard the option to
choose the best construction suited for the yard, i.e. completely
cast, completely fabricated, or anywhere in between. Most ships
are built with a combination of castings and weldments.

2. They have had no experience with the inboard accessible
stern tube. The British manufacturer of the inboard accessible
stern tube made a model demonstration. They observed but
never used it.

3. They never encountered any stern frame failures. Once,
they had some vibration problems; the shipyard had to change to
a propeller with a different number of blades.

4, They do not see any problems with welding any thickness of
plate specified. They always use ABS, 50 K. steel.* The
maximum plate thickness they ever specified is 5.

5. They never designed any ship with a shoe piece. They

use classification society rules for scantlings. The rules are
very sketchy and they use them only as a guide. They have had

no problems with any classification societies, either in the design
or inspection stages.

* ABS Grade H~36 steel with ultimate strength Of 50, 000 Kg/mi.
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(Bet hl ehem Foundry)

For mnor repairs, the defective portion is conpletely renmoved
to sound netal, then welded and locally stress relieved. For
maj or defects, a procedure of repair has tobe submtted to
ABS for approval

11, The nost frequent defects are sand inclusion and shrinkage
cavities, but they never get to the point where the casting has
to be conpletely rejected.

12. They prefer to use the ultrasonic tests even if the
results are subject to interpretation. If some area looks
suspicious with ultrasonic test, they use other tests to check
the area. Ultrasonic test is faster, less expensive and more
flexible than other testing procedures.

13. They do not join two castings together. The customer

usually does it. They use submerged-arc and electro-slag
welding, but never do any thermit welding.
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(Bethlehem Foundry)

For minor repairs, the defective portion is conpletely renoved
to sound metal, then welded and locally stress relieved. For
maj or defects, a procedure of repair has to be submtted to
ABS for approval

11, The nost frequent defects are sand inclusion and shrinkage
cavities, but they never get to the point where the casting has
to be conpletely rejected.

12. They prefer to use the ultrasonic tests even if the
results are subject to interpretation. If some area looks
suspicious with ultrasonic test, they use other tests to check
the area. Ultrasonic test is faster, less expensive and more
flexible than other testing procedures.

13. They do not join two castings together. The customer

usually does it. They use submerged-arc and electro-slag
welding, but never do any thermit welding.
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APPENDIX A.h4

MATRIX OF SHIPYARD'S RESPOMSES

Fiit Corp. Newport News
NO. QUESTION Hatlonal Stl. Marine & Rall Ingajls Shipbullding
¢ Shipbuilding Equip. DIv, Shipbullding & Dry Dock
CONF | GURAT 101}
. : Only D '
1. | what type of stern conflgurations are | :iudficl:)l;:wm&d ® Rudch:Jr :mmdd !u r;g' CE &' DD's Coddr |
you now constructling or anticlipating? emt bal., rudder, semi bal, yudder neer consir tudder horn
v transom stern ¢ transom stern (twin screw)
2 What type of hawseplpe conflgurat|0n= v Hi-holding anchor e Exposed anchor » Exposed anchor e Snag storing
are you now constructing? . in pocket cast bolsters » cast bolsters bolsten cast
v cast bolsters o fab, pipe » fub. pipe
' fab, pipe
3. From the fabrication point of view, HAWSEPIPES:
which type of stern frame and hawsepipe -
does your yard prefer? e Cast bolsters e Cast bolsters » Cast bolsters » Cast bolsters
e rolled plt, s pipe, hvy duty » rolled plt, » rolled plt,
STERN FRAMES:
Castings & Castings & Completely Casting
weldments built-up welded preferved
would use casts
if could buy
L, What Is the shipyard's position ‘Ip Owner
deciding the configuration of the Try-to get decides,
stern frame and hawsepipe? owner to use yard has

their config,

lceway




Appendix A.4 - continued

|
!

, " FNC Corp. Newport News
N QUESTION National Sti. Marine & Rall Ingalls - Shipbuilding
&€ Shipbullding “Eaulp. Dlv, Shipbullding ¢ Dry Dock |,
5. Do you have any cxperlence with Inboar
accessible stern tubes? None built, ‘One built Looked at,
looked into didn't use
CONSTRUCTION HAWSEP I PES :
1. Are your stern fr;mes and hawsepipes
currently of the forged, cast, welded _Rol!elc):i f':' Rol:e';i f':’ Rolleg! fl: ’ Ro':eg] fl: ’
or mixed typel cast bolsters cast. bolsters cast bolsters cast bolsters
STERN FRAMES:

- Castings & .Castings & All welded; Castings,
weldments; weldments; sub assembly part of sub-
sub assembly sub assembly assembly

2, | What Is the method of constructing the [ STERN FRAME
stern frame and hawsepipe In your yard? :
Part of lower Part of stern Prefab & Part of stern
aft peak sub-assembly weld {nto module
module stern module
| HavsEpIPE
Rolled plt, Welded into Rolled plt Part of module,
welded . sub:assembly sub assembly rolled pl, 1
seam
3. Does your present method of constructing
stern frames and attaching them to the No No No No

rest of the ship require a specific
stern frame design?




Appendix A4 -continued

FHC Corp.

Newport New

No. QUESTION Natlonal Stl. Marine & Rail Ingalls Shipbuildin.
& Shipbuilding Equip. Div. Shipbullding € Dry Doch
L, | Have any specific designs glven you
significant constructlion problems? No No No Large cast':.
have cause.
problems
5. | What 1s your past experience with S.F.all cast in Some castings, Al welded Built.up S.!
stern frames and hawsepipes, especially 5 pieces and some weldments for 20 yrs, h,'sog,,lﬁ
with substituting fabricated component:| welded together a cast shoe
In place of castlngs or forgings? break
6. | Did you ever encounter any fallure iIn !
these components? How did you repalr Once No No Cast shoe br!
It? used a forgi:
less brittle
7. | Any special skllls or extra engineerini| No No No No
required by the yard? )
Sound casting s Long lead time; Long lead time ;
8. ’gzl?;Ob‘gfz ?'th planning, scheduling, require long lead late del ivery small cast plece
9y y time welded together .
9.. hat is the percentage of wastage from | 4+]10% Iﬂosubﬂanﬁ‘
ough casting to finlshel, machliped no problem wastage ;

roduct? e




Appendix A.4 - continued

_and hawscplpes?

FMC Corp. Newport News
NO. QUESTION Natlonal Stl. Marine & Rail Ingalls Shipbujlding
€ Shipbuilding Equip. Div. Shipbullding € Dry Dock
LOADINGS FOR THE DESIGN '
. H.P. commondesign Design agt,did No data Has own design
l. |[Any informatlon on the loading that based on exper. all details available loads = do full
stern frames and hawsepipes are subjecte load analysis
to? Any loading values for baslc Y
ratlional design?
2, | How do you determine the slope of the
shell bolster and |ts scantl?ngs? vhat | Based on exper. No wear noticed No data Has own data
percent of scantling do you attribute very little wear use ABS rule
to_wear? formula
ECONOMICS :
—— For a few ships Depends on shape; Engincering on Castings in own
. 1. |What do you think are the significant [ welding; for ‘simple-weld ; weldments ; foundry ;
cconomic consideratlons for varlous more than 3-4 ships, | complicated-cast. repair of bad cost of welding
stern frame and hawsepipe alternative castings castings going up
manufacturing processes? '
2, Do you have any cost data for rccently No No No CastAveld
manufactured S, F. and H, P,7 ° 50/50
3. For larger ships, at least some
weldments have replaced casting and: - - No shoe in Schedule reqgs,
forging. However, most ships still last 20 yrs. castings
have the shoe plece, prop, bossling and I
rudder bearlng support cast. Is this
for economlc reasons?
4, Do you have estimates for manpower,
materials, and speclal facilities
required for production ofstern frames No No No data
avallable




Appendix A.4 - continued

FMC Corp. Hewport HNews
NO. QUESTION Nattonal] Stl. Marine & Rail Ingalls Shipbujlding
¢ Shipbullding Equip. Div. Shipbuilding & Dry Dock
5. Are stern frames and hawseplpes labor
tntensive '‘products? Yes 50/50 Yes
6. \lould you be willing to revijew our
comparative cost estimates for Yes Yes
alternative stern frame and hawseplpe
dcsugns?
CLASSIFICATION SOCIETIES
1. Do you think the present classif|catior| No No No Improving
soclety rules are adequate from the
standpoint of sterpn frames
hawsepipes?
2, Any problems with classificatlion
society rules for building and No No Use NV, wher
inspecting? . ABS too vague
3. Which classificatjon soclety do y6u
prefer? -Which one s more rational, Lloyd§
easicer?
b, Do you have any In-house criterla to No No No! pow. No

_scantlings?

developstern frame and hawseplpe

L. . - s




Appendix A.4 - cont inued

FMC Corp. Newviport News
NO. QUESTION Hational Stl. Marfne & Rall Ingalls Shipbullding
& Shipbuilding Equip. Div. Shipbuilding € Dry Dock
WELDING Electro slag Submerged arc Electro-Slag Electro slag
1. | Mhat type of welding do you use to wdl weld on 5.F., Ele“'m_ slag- S no themite
two heavy castings? : o hand weld no equipment
2. | Is your yard capable, from the stand-
polnt of qualifijed welder, equipment
and facilitics, to weld thick plate? Any thickness 2" max Up to 5" plt Unlimited
Up to what thickness?
- . c
3. | What Is your capacity to stress relleve Specify stress No furnace ; an stres's; i
licf, even if local stress relleve whole
any welded structure? relief, even ocal sir rudder (have
t reqd, relief r
no very large
Kawasaki Wash, Iron Works Rockwell, Kan., | Own foundry
VENDORS FOR CASTING AND FORGINGS Natl Supply Natl Forge NNS & DD Beth. Steel
1. | Names of vendors used for speciflc Natl Forgo Minn. Stlh. Fdry, . Nutleorge
castings and .forgings (for stern frame |Beth. Stecl Falk Machry . Birdshoro
or ha\'lSQP'PC) R . U.so Stccl W'ss.
St , Caster of L.A,
Wash . Iron Works
2, | What lead time do they normally require] s .o Jap. 12-15 months -
Delay in delivery? How about 1 yr. Amer '
rejections? A )
3. | How do they normall{ charge for -
castings? For forging? By welght? By Wt (Ib) $/b. -




Appendix A.4 -

continued

FMC Corp. '.

i Newport News

comml ships,

recently more
problems but
not big

Nationa) Stl. Marline € Rall Ingalls Shipbuilding
NO. QUESTION £ Shiobuilding- Equip. DIy. Shiobuildina & Dry Dock
VENDORS FOR CASTINGS AND FORGINGS
(Continued)
: Use ABS & Stress analysis Owners give Do full load
4. 20\\' (lisd;hc actual size of any casting past experience based on allow. option on analysis-
celde for all stross no of pcs, can cast up to
75,000 Ibs in
S ecel ’
a) Sole p ece o
b) Stern 1ube?
c) Rudder carrier?
Lo Hardly any East coast foundrfe: | No real problem | Does own
5 . | History of Relations with Vendors rejects on higher cost . in past years ; castings




Appendix A.h - continued

HO.

QUESTION

CONSTRUCTION

Are your stern frames and hawsepipes
currently of the forged, cast, welded
or mixed type?

Seatrain
Shipbuilding

Avondale

Shipbuilding

Bethlehem Steel

Shipbuilding Div.

Sparrows Pt.

Todd Shipyds Inc
Los Angeles Dlv.

HAWSEPIPES:

Rolled plt,
no bolster

STERN FRAMES:

Minimum cast'g;

Rolled plt,

cast bolster

Castings &

Rolled Plt,,
cast bolsters

Mixed type;

Rolled Plt.,
Cast Bolsters

Mixed type;

weldment, weldments , weldments & castings &
sub assembly sub assembly: castings weldments
2. What is the method of constructing the
stern frame and hawsepipe in your yard? w
Part of stern Sub-assembly Sub-assembly;
module in aft peak part of stern
module module
HAWSEP | PE
3 Does your present method of constructing
stern Frames and attaching them to the
rest of the ship require a specific No No No N o
stern frame design?
L, | Have any specific designs given you
significant construction problems? No Ho

No




Appendix A.4 - contipued

Seatrain Avondale Bethlehem Steel Todd Shipbldg Inc.
NO. : QUESTION Shipbuilding . Shipbuilding Shipbuilding DI Los Angeles Div
| Sparrows Pt.
5. | What is your past experience with . :
stern frames and hawsepipes, especially Can't get good . Use castings Use extensive
with substituting fabricated component castings; use in sections ; weldments;
in place of castings or forgings? weldments for weld together some cast
stern frames components
- | N
6. | Did you ever encounter any fallure in ° No No
these cowponents? How did you repair
ie?
7. Any special skills or extra engineerinc ’
required by the yard? No No No
8. [Any problems with planning, scheduling, - Allow long ' Castings require
tooling, etc.? lead time Long Leadtime
H
9, What is the percentage of wastage from L é "
rough casting to finished, machined - A'h“”'/? Negligible
product? _ | for mach'ing.
LOADINGS FOR THE DESIGN Used N.V. rules No fomulas ; No
ABS allows
¢ 6 KS| ABS rules used
I. |Any information on the loading that ' afgsﬂ 3 fini
stern frames and hawsepipes are subjected : ? el an :" fe.
T Any loading values for basic element analysis;
to / g I KSI max found
rational design?
|




Appendix A.4

continued

110.

QUEST{ON

How do you determine the slope of the
shell bolster and Its scantlings? What
percent of scantling do you attribute
to wecar?

Seatrain *Avondale
Shipbuilding Shipbuilding
N.V. rules Model test;

finite element
analysis

‘Bethlehem Steel
‘Shipbuilding Div.
Sparrows Pt.

o
Hawse sloped 45" ;
alwvays use a
mode]

add Shipbldg Coryg
os Angeles Div

ECOHOHICS

dbat do you think are the signjFficant
economic considerations for various
stern frame and hawsepipe alternative
nanufacturing processes?

No castings;

. hard to separate
cast part of
module

In the past,
castings were
selected because
they were
avallable

Keep design simple
Avoid HTS,

n

Do you have any cost data for recently
manufactured S. F. and H, P.7

for larger ships, at least some ,
veldments have replaced casting and:
forging. However, most ships still
have the shoe piece, prop. bossing and
rudder bearing support casts. Is thls
for economic reasons?

No

Some parts cast for
economy £ ease of
productlon

Do you have estimates for manpower,
materials, and special facilities
required for production of stern frames

and hawsepipes?

Yes

No -

Mo




Appendix A.l - continued

0] QUESTION Seatrain Avondale Bethlehem Steel [Todd Shipbuilding Cot
' S vipbuilding Shipbuilding Shipbuilding Div|Los Angeles Div
5. Are stern frames and hawsep pes abor
intensive products? If complicated Yes Yes Yes
castings cheap
6. \lould you be wifJIng to review our Yes Yes Yes, but not
. comparative cost estimates for - sure of value
alternative stern frame and .hawsepipe
designs?
I
CLASS F CAT ON S0C ETIES
i, Do you think the present classificat on .
society rules are adequate from the No, N.V. good No No, use as a Use ABS
standpoint of stern frames and guide
hawsepipes? —
2, Any problems with classification
society rules for building and - No No -
inspecting?
3. Which classification socliety do you
prefer? Which one is more rational, N.V. on srern Al1 about ABS
casicer? frames Same
L, Do you have any In-house crlteria to Yes for No

develop -stern frame and hawsepipe

scant)ings?

stern frame .




Appendix A.4 - continued

No Seatrain Avondale - Bethlehem Stcel |Todd Shipbldg Corp
: QUESTION Shipbuilding Shipbuilding Shipbuilding Div| Los Angcles Div
Sparrows Pt.
VELDING
- Electro slag ; Submerged are
1. What type of welding do you use to wel bad experience on HIG;
) two heavy castings? themit weld electro slag
2. | Is your yard capable, from the stand- v an
point of qualified welder, equipment 4" plt max 3-1/2 "g| any thickness
and facilities, to weld thick plate? start problems
Up to what thickness?
3. ‘hat is your capacity to stress relieve lf:::;;:eh:?:; ;2!‘:?2,27;!?;5 HRi“;h -
any welded structure? 18 x 18 door No limit for local
stress rellef
VENDORS FCR CASTIMG AND FORGINGS
Am, Brdg., Tex. Birdsboro Bethlehem Steel
1. | Names of vendors used for specific Mester Natl Forge nly
castings and forgings (for \stern frame Natl Forge Beth. Steel
or hawscpipa), Norway NNS‘& el
2. [ What lead time do they normally require!
Delay in delivery? How about
rejections? 6~18 months 15 months ) Year
3. | How do they normally charge for S/“’.' plus $/1b,
castings? For forging? Dy weight? fepair




NO.

QUESTION

Appendix A.h - continued

Seatrain
Shipbuilding

Avondale

Shipbuilding

Bethlehem Stee)
Shipbujlding Diy
Sparrows Pt.

Todd Shipbldg Cor;
Los Angeles Div

VENDORS FOR CASTIMGS AND FORGINGS

(Continucd)

How is the actual size of any casting
decided?

a) Sole piece?
b) Stern tube?

c) Rudder carrier?

Capacity of
foundry , size
of annealing rm.
Best joint locatiop
Weight not a
problem

History of relations with vendors?

Has problems
gctting good
castings. Saves
money with
Norwegian casts, !
even with '
shipping costs

oo umnde - .

Good relations;
one vendor
didn't want to
risk own
foundry for
smaller cast-
ings

iood relatfons
No real problems
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APPENDI X B. 1

BASELI NE SHI PS" DESI GNS

Figures B.1 through B.6 give schematic arrangenents
of the stern frame and hawsepi pe configurations existing on
the baseline ships discussed in Section 4.1.

On pages B-8 through B-10, an exanple of a billboard

type stowage system and the patented Kockums chain stopper
is presented.

B-1
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pewy, ciiiciont
touble-shearing
chiain stopper

The now Kochums chaimns stopper s distinguishe.
by reiiatility anu ease of bandheg. The KYA
stopperis easy to cperats £.en witn very largs
chains. Pins are used to s:cure the stopper in
both the open and closed posilion.

B,

-9

¢

The new chain stopper can be used in conven-
tional arrangemants ..-r‘* stain pirss and hawse
pipes or for stov.age of tns anchor on deck.

The KVA stopper locks the anchor chain with tw

shears. which means that the entire bigaking

ioad of the chain can be ulilized. In contiast. only
ocut hatf of tr ~pavs cazemng load canbe

-
SR OISR I St AL Stonrars T
u-ll.......-'t e st Cle w es a Wb D 378 1S

KVA stopper ta-\-.-s up forces -:.hu.h cannot be
reducedd to component iorces and s.nich are
rirected toward opening the cham stopper.

The KVA chain stopper has boon patented by
Kockums Shipyard. It can e subphed for chain
s1zes of 30 mm and upvrard Chain stoppers for
smaller chain sices can be suppied on spacial
order,

Pos Descnption
1,2,4 Slide-and guide way for
chain hnk.s
3 Chain link.
' vertical position
5 Chain hnk,
harizontal posilion
6 Loch pin
7 Bracket
8 PDrachet e !
Oa Chany focd, beuds !

bhionw s atll
9b Chainlock body |
Phalt = s fone
10 Biacket .
11 Bracket fitting-
12 Support
13 Shalft pin

14 [d RURY J BrTN -

New technigue
{01 anchior siowage

On most ships. the anchor chain travels through
a hawsa? pipe which runs obliquely dovrnward
fromn tha gock L an &renma in the shell psing.
\Lhen the ancnee has baan neanad, tng fiu-es
enJdmacronn ez cuisiu2 tha shall pizung,
whzre the, ars aifficult 16 reash and are chisn
exposad to the impact of ths s2a. which can
1esuit in damage to the shell plating. The new
stowage method entails stowing and securing
the anchor on an open bed. The bed is large
encugh to allow: the ancher te ba stov.ed with the
croxn entiraly inside the countour line of the
shell plating.

Since the anchor is stowwed high over tie water
line. it 1s not eu‘wed to the sea. Acr:es~ to the
...... Toarmore

S s meen s mmee  mn wmamen maa o=
TSRS SN 872 issionsny vi--.---. Tn

new technigue also facihitates producticn of

shuips by reducing the amount of cutfitang work
reGuirsat. The cnain stopp-sr can be fittea
simultanecusiy with and in some cases prior 0
the windlass. There is no need for baring holes

or fitting fastenimgs for a havse pipe. The cost

of ship mantenance is reduced. since there1s no -
risk of damage to the shall plaling.

The new anchar stowag? technique has tean
pateniad by AB Gotaverken Arendal and has
been thoroughly tested for use with the KVA
chain stopgper.

The combination of a KVA chain stopper and the
aw stowagqce arnangaiment has already beaen
mstalled aboard a number of ships.

A panmit o use the new anangement, togetie
with appropriale diawtngs and recommendations
can be supplicd by Kockums Varv (Shipyard) AB.



Closed position

Manually operated lever




APPENDI X B. 2

BACK- UP_DATA

FOR ALTERNATI VE DESI GNS

Tables B-1 through B-3 sunmarize sonme details of
the all welded stern frame alternative designs regarding
structural scantlings and their determnation. Tables
B-4 through B-6 present similar data for the inboard
accessi bl e serntube type configurations and Tabl es
B-7through B-9 are simlar data for the hawsepipe
alternative designs.

B-11



TABLE B-1 :
Al \Welded Stern Franes

38,300 DW Tanker Alternative Design

Par t Met hod of Design
L 81.6 # CVK Simlar toTodd Dwg. No.
Stern Frame (S.F.) & 82872-s11-08-02
Rudder Horn (R H.) 35,000 DWI Tanker
2. 61.2 # S. F. Meets Norske Veritas,
Side Plates (Pl.) di mensions and section
Modul us requirenments, 20% over
3. 61.2 # Keel PI. Todd 56.1 #
10% over
4. *163.2 # RH Simlar. to Todd
Side PL.
5. *102 # RH “* |l ess than Todd
2 fwd web PIs.
6. *122.2 RH Simlar to Todd
aft web P1.

*Note: Rudder Horn stresses are 27% | ower- than
ABS required nmininmum for Todd' s scantlings wth
MR&S di mensions. #5 was adopted with no
further calcul ation.

7. 30.6 # Nose P1. Simlar to Todd
R H.
8. 40.8 # BQ. PL. Simlar to Todd
R H.
9. Rudder Gudgeon Used size that would fit NASSCO
Upper, Lower Cast 38,300 DAT in profile and section
of RH T.E
10.  *Upper and Lower Flats Simlar to Todd
Brackets, 30.6 # P1. with mnor variations
1.  *255#pl. Floors Meets Norske Veritas required

t hi ckness, 11% over
*Note: Floors, Flats and Shell Plate considered

simlar structure and equal cost for both wel ded
and cast designs.

B-12



Table B-1, cont’d.

Part

12. Aft Stern Tube (Boss)

t = 5"
L = 10’
ID = 40"

13. FWD Stern Tube

t ~ 3 n
L = 307
ID = 27"

14. M ddle Stern Tube
Section

Met hod of Design

9% over N.V. required t
assumng shaft dianmeter = 24 1/2"

Length required in order for shell.
plate to intersect with thick section

Simlar to NASSCO
38,300 DM desi gn

Simlar to NASSCO
38,300 DM desi gn

Simlar to NASSCO
38,300 DWI' design

tis 1/2" less than used in NASSCO
38,300 DM desi gn



TABLE B-2:

Al \Welded Stern Frane

89,700 DWI Tanker Alternative Designs

Par t

1. 81.6 # CK
Stern Frame (S. F.) &
Rudder Horn (R H.)

2. 61.2 # Stern Frame
Side Plate (P1.)

3. 61.2.# Keel PL.

4. 163.2# Side P1. R H

5. 1224#R H 3 fwd web PIs.

6. 1428# aft R H Pl

1. 30.6 # Nose P1. RH.

8. RH Bet. Pi., 40.8 #

0% Rudder
Upper,

Gudgeon
Lower Cast

10. *ypper and lower flats
brackets, 30.6 # P1.

11, *255# P1. Fl oors

12. 61.2 #
plate which butts
to and is fwd of CVK
P1. below the boss

B- 14

Met hod of Design

Simlar to Todd Dwng. No.
82872- S11-08- 02
35,000 DWI tanker

Meets Norske Veritas dinensions
and section nodul us requirenents.

From 38,300 DW' vessel
Simlar to Todd 35,000 DW tanker

Simlar scantlings as Todd 35,000
DW tanker except with one extra
web due to a |onger section
(parallel to water plane)

|“ thicker than for Todd
35,000 DWI,tanker

Simlar to Todd. Not considered
in section nodulus cal cul ation
Just a fairing plate. *

Simlar to Todd*

Used size that would fit NASSCO
89,700 DWI tanker in section and profile

Simlar to Todd* with m nor
variations

Meets Norske Veritas mininmum
requi red thickness

Simlar to Todd* 50% over



Tabl e

Par t

13.

B-2, cont' d.

*FIrs, flats, shell plate and Plate - above boss
consi dered simlar structure and of equal cost for
both the wel ded and cast designs.

Met hod of Design

Stern Tube Boss thickness from N. V. rules
3 parts ODs or 1Ds, lengths from NASSCO
dwgs

0 Fwd bearing housing
3'10" OD x 36" L x 3"t

0 Mddle Stern Tube
10'9" L x 1" ¢

0 Aft bossing
100 L X 310" 0D X 5t

B-15



Par t

TABLE B- 3:

Al \Welded Stern Frane

188,300 DWI Tanker Al ternative Design

81.6 # CK

61.2 # Side Plate (PI.)
of Stern Frame (S.F.)

Rudder Horn (R H.)
0 4 webs

3 fwd 122.4 #

1 aft 163.2 #
0 30.6 # Nose PI.
o 163.2 # Side P1.
OBot. Pl1. 40.8#

Upper and | ower gudgeon

Stern Tube
3 parts

0 Fwd bearing housing
42" L x 377 D x 3" ¢

0 Mddle Stern Tube
7 LxIl "t

0 Aft bossing

106" L x 310" ODx 5t

Met hod of Design

From previous practice

According to Norske Veritas rules

Simlar to 89,700 DM scantlings
except for heavier aft web

Simlar to NASSCO design

Boss thickness fromN V. rules
| Ds, Lengths from NASSCO dwgs .

Note: All structure and cost involved with floors,
flats, plating considered equal with same size ship

cast design.

B- 16



TABLE B-4 :
38,300 DA  Tanker | AST Alternative Design

Par t Met hod of Design
L Stern tube fwd The whole stern tube is simlar
40.8 # Plate (I1. ) to FMC Chevron tanker
2. Stern tube Fabricated boss replaces the
m ddl e and boss cast bossing on FMC design
20.4 # P1.
TABLE B-5:

89,700 DW  Tanker | AST Alternative Design

Par t Met hod of Design
L. Stern Tube The whole stern tube is simlar
61.2 # Plate (Pl.) to Seatrain 225,000 DA tanker
2. Propel | er Boss Repl aces the cast bossing
204 # P1. shown on the Seatrain design
TABLE B-6:
188, 500 DWI_Tanker |AST Alternative Design
ar t Met hod of Design
1 Propel | er boss From G acier-Herbert design

204 # Plate (P1.)

B-17



TABLE B-7 :

Par t
1 Hawsepi pe
81.6 # Roller
Pl ate (P1)
2. Shell bol ster cast
3. 61.2 # Dk insert
P1.
4. Roller Fairlead
TABLE B-8: 89,700 DWI Tanker
Par t
1 . Hawsepi pe
81.6 # Rolled
Plate (Pi.)
2. Shel | Bol ster
cast
3. 81.6 # Dk insert Pl.
TABLE B-9: 188,300 DWI Tanker
Par t
1 Hawsepi pe
81.6 # Roller
Plate (Pi.)
2. Shel | Bol ster
cast
3. 8-16 # insert Pl.

38,300 DW Tanker Conventional. Hawsepi pe Alternative

Met hod of Design

Meets ABS approximation fornula
acquired frominterview (not in
rules). Thinner plate may be used
but presents a risk with respect to
wear over the life of the vessel

From NASSCO dwg.

Standard practice

Standard practice

Conventional Hawsepi pe Al ternative

Met hod of Design

ABS' in-house formula

From NASSCO pl an

St andard

Conventional Hawsepi pe Alternative

B-18

Met hod of Design

20% |l ess than ABS in-house
recommendation formula

Shape from FMC dwg.

Standard practice



APPENDIX C
BACK- UP FOR
PRCDUCI BI LI TY ESTI MATES

Cl: HEAT TREATING REQU REMENTS

Table C1 gives some nmininum preheat and interpass tenperature require-
nments for common wel dable steels, which were devel oped by the Anerican

Vel ding Society and the American Institute of Sed Construction.

C.2: BREAKDOWN FOR COST ESTI MATES

A listing of the various cost elements considered in the estimates for

alternative designs is presented in Table C 2.

The references and source materials used in estimating costs for indiv-
idual elements also are shown inthe table. The nunbers for source
materials on the right-hand side of Table C-2 correspond to simlarly

nunbered documents which are on file in the MR&S offices.



Table C-1
2

. - MIMIMUM PREHEAT AND INTERPASS TEMPERATURE
AWS D1.0-69 Table 3, AWS D2.0-69 Tabie 4, and AISC 1.23.6 {1959

Weiding Procass 4
Shisided Metal-Arc Weld-
ing with Low-Hydrogen
Electrodes: Submerged-
Shielded Metal-Arc Welding Arc Welding with Carbon Submerged.Arc
Thickness of Shitided Metal-Arc with Low-Hydrogen Electrodes; or Alloy Stee! Wire, Neu- Welding with
Thickest Part Waiding with Other Submerged-Arc Welding: Gas tral Flux; Gas Metal-Arc Carbon Stesl
at Point of Than Low-Hydrogen Metal-Arc Wekling; or Flux- Welding; or Flux-Cored Wire, Alloy
Welding — inchas Electrodes Cored Arc Welding ArcWelding Flux
' ¢ ASTM AJ6; A242
Weldable Grxie:
AJ75; Ad41; AS29:
ASTM A36; A53 Grade B; | AS70Grades D& E: | ASTM A572 ASTM ASi4 - ASTM AS14
AJ75:; AS00; A501: A529; | A572 Grades 42, 45, | Grades 55,
AS570 Grades D and € and S0: AS88 60 and 65 .
To 3/4, incl. None {2){3) None (2){3} 70°F S0°%F 50°¢
Over 3'4 t0 1-1°2, inc). 150°F 70°F (4) 150°F 125°F 200°F
Ovar 1-1/2 10 2-12, incl, 225%¢ 150°F 225% 175%F 300°F
Over 2-1/2 300°F 225°¢ 300°F 2259 400°F
1. Waelding shall not be done whan the ambdient temperature is lower than 0°F. When the base metal is below the temperature listed
for the waeiding process being used and the thickness of material being welded, it shall be preheated {except as otherwise
’ provided) in such manner that the surface of the parts on which weld metal is being deposited are at or above the specifiad
minimum temperature for a distance equal to the thickness of the part being weided, but not less than 3 inches. both latarally
and in advance of the weiding. Preheat and interpass temperaturas must be sufficient to prevent crack formation. Temperature
above ths minimum shown may be required for highly restrained weld. For A514 stesl the maximum prahest and interpass
termnperature shall not exceed 400°F for thicknesses up to 1-1/2-in. inclusive, and 450°F for greater thicknesses. Heat input when
welding AS514 steel shall not excesd the steel producer’s recommendation.
2. When the-base metal temperature is below-32°F, praheat the base metal to at teast 70°F and this mini temperature
during welding. .
Members do not have to be: preheated for single-pass tack welds that will later be-remelted and incorporated into continuous
submerged-arc welds. = .
For single-pass welds over 3.8.in. made
with multiple-electroce submerged-arc. the AISC A36 STEEL .
preheat and interpass temperature may be ind
such thst result in 3 hardness in the heat Non-Low-Hydrogsn Elsctrodes Low-Hydrogen
affected zone of less than 225 VHN tor e . 2 e« 2
steels not excesding specified T.S. of 60,000 |10 1" incl. None To 1" incl. Nane
psi and 280 VHN for steels not exceeding Over 1°° 10 1-1/2* incl. 150°¢ Over 1" to0 2° incl. 50°F
T.S. ot 70,000 psi. :
. i Over 1-1/2" t0 2-1/2" incl. 225%F Over 2°° to 2-1/2” incl. 150°F
S This Drovision aoolies 10 A3S stesl in Foverz2-uz” 300%F | Ouer2.4/2" 225%F
4. Minimum preheat for A36 stesl in thicke

nesses up to-2-in. inclusive-shall be SO°F,

Reproduced from "The Procedure Handbook of Arc Welding," Lincoln Electric Co.
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TABLE C-2: COST ELEMENTS AND REFERENCES
COST ELEMENTS REFERENCES/SOURCES NO.
0 Price-of Stern Frame and o Fonecon: NASSCO 1
Bol sters for NASSCO 38,200 1/26/78
DWT, 89,700 DWT and 182, 500
DW Tankers, plus weights
0 Approx. Price of Patterns
Plating \eights for Feasi- MR&S Calc. 2/4/78 2
bility Designs Mat eri al Weights
(Excluding stern tubes)
Cost of Plating Fonecon:  Ryerson Steel 3
2/10/ 78
0 Location of Weld 0 MR&S Cal c. 4
o Linear ftofwel ding 1/31/78
0 Weld Type 0 MR&S Calc. 5
0 Joint Type,  Position 2/16/78
0 Weld metal weight 1 ft. o Chapter 12, Deternining 6
0 Cost, weld netal Vel ding Costs, Lincoln
$ per Ib. Electric, “Procedure
Handbook of Arc Vel ding”,
Tables 12- 2 3,4.5
o Table IIl, p. 10 7
How to Determ ne \Welding
Cost s
0 MR&S Cal c. 8
2/8/78
Cost of Flame Cutting Steel MR&S Conpi | ation 9
Cost of Fabricating Stern o Fonecon: 2/8/78 10
Tubes Chicago Bridge and Iron
Cost of Shi pping
o Fonecon: 1/12/78 11
Babcock & W cox
0. MR&S Cal c. 12

2/ 10/ 78




TABLE C-2 ( Cont '’ d)

COST ELEMENTS REFERENCES NO.

Weight of Avg. St er n MR&S Cal c. 13

Tube, plating 1/12/78

Lead Tine for Stern Tubes Fonecon:  Chicago Bridge 14
\ and iron 2/10/78

Table Il giving net extra cost "Stern _Gea( Design for Maxi- 15

of vessel with an Inbrd acces- mum Reliability - The Qacier

sible stern tube. This cost Herbert System! Trans. 1. Mar.

was used as an addition to the E. 1972 Vol . 84

price of conventional stern tube

Cal cul ations for the weight of MR&S Cal c. 16

shel| bolster used for MR&S feas. 1/11/78

design Of the Hawse pipe arrange-

ment for 188,500 DWT t anker

Layout - Tenplate Costs MR&S Conpi |l ation 17

Rolling, Jigging, Field Cutting MR&S Conpi | ation 18

and Alignnent, Heat Treating,

Testing, Transportation Costs.

Msc. Material Quotes MR&S Conpi | ation From 19

Chicago Bridge & | r on
and Babcock & W/ cox
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APPENDIX D1

SUMVARY OF GENERAL COMMENTS

The U S. shipbuilding industry was kept involved with the
project throughout its progress through surveys, informal discussions,
and reviews of interimand draft final reports

The background data from surveys and interviews are presented in
Appendi x A

The coments received from the industry during the second phase
of the study are summarized here.

1. [nteri m Report

The interimreport submtted by MR&S was distributed by TODD
Seattle to menbers of the SNAME Panel SP-2.

This report presented the findings fromthe interviews, surveys
and the literature search. Specifically, the follow ng were discussed:

0 various types of stern frames and hawsepi pes observed

0 degrees to which castings, forgings and wel dments ae
incorporated into designs

0 joint types and welding processes enployed inconstruction

0 special facility requirements for construction and testing
of conponents

0 practical restraints

0 regulatory restraints

0 pertinent recommendations of the interviewees

o proposed changes to the contract specification which

could make the effort to fulfill its objective nore
ef ficient
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Conment s were received from General Dynanmics, the U S. Coast
Guard, Puget Sound Naval Shipyard, and Avondal e Shipyards. They did
not recomrend any deviations from the intended course of action as
established by the project investigators.

Excerpts from sone of the comments are included in Appendix D.?2.

2. Al ternative Designs and Producibility Studies

Towards the end of the second phase of the project, the interimreport
and thereafter the draft final report were subnmtted to the organizations |isted
in Table D-1. Presented for review were
o alternative designs
o aqualitative discussion on productivity
o assunptions for weights and costs
0 cost conparison for stern frame designs

0 costconparison for hawsepi pes and billboard type
anchor handling systens

The reviewers were asked to discuss at |east the follow ng:

o the validity of the discussions and assunptions for
produci bility studies

o the feasibility of the design alternatives

0 the validity of the cost conparisons and suggestions
for any inprovenents

o subnmttal of as detailed a cost estimte as possible
using standard practices

Val uabl e comments were received from several reviewers. Excerpts
fromsome of the comments on the alternative designs and producibility
studies are included in Appendix D. 3.

A mgjority of the commentsondetails of alternative designs have

al ready been incorporated into the drawi ngs for these designs as presented
in Section 4.0.
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The reviewers' conments and criticismof the cost esimatesfor
the alternative stern frame and hawsepi pe designs were carefully noted
changes were made and incorporated into the final estimates presented
in this report wherever possible.

Following is a summary of these comrents which were taken into
account in updating the initial estimtes.

Bet hl ehem St ee

0

NASSCO

Inaddition to welding, the formng, handling and fitting
of heavy plates in a stern frame unit contribute greatly
to the cost. The accuracy of heavy formed plates nust

be assured in the shop since reshaping on the job is close
to inpossible with typical shipfitting equi pnent and

t echni ques.

Rel ative costs, in terms of $/Ib seemto be correct.

price of sed,for fabrication, of 25¢c per |b
from the warehouse is OK

Casting prices 8-10% high.
Vel ding costs for fabricated stern frames 45% | ow.

Flame cutting costs for the fabricated stern franmes is
approxi mately 40% | ow

Under the heading heat treating, rolling formng, shipping
and inspection for fabricated stem frames, the cost
shoul d be approximately two (2) times what is shown.

Castings are |ess expensive than fabricated conponents for
stern frames when three or nore ships are being built

since pattern costs spread out. A one or two ship program
gets into an area where both costs are close to the point
that a detailed estimate woul d have to be devel oped to make
an accurate determnation as to which is cheaper.
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Todd L. A

Avondal e

0

Di fferences between wel dment and casting costs appear
too large.

Serious reservations in regard to estimted total cost
of fabricated senframnes.

Agree with estimted cast prices.
Not hing seems to be allotted for:
-Jigging Tine

Lofting - Tenplates

Field Fitting and Alignnent

[If included in colum #6 this estimte is inadequate
to cover the total scope.]

Vel ding and flane cuttingseem to be adequate.

Expect prices for weldments to increase by 50% due to
above itens.

Fol lowing qualitative comments, however, could not be incorporated
into final estimates:

0

The security-of the anchor against novenent in severe
sea conditions should be significantly more with the
traditional hawsepipe than with the billboard type
arrangenents.

Aesthetics may play the greatest role in the selection
of billboard types vs conventional hawsepi pe arrangenents
regardl ess of the econom cs.

D-4



TABLE D-1 :

Organi zations Contacted

for Review of Alternative Designs, and Producibility Estinates

and the Draft Final Report

o National Steel and Shipbuilding Conpany*
0  Bethlehem Sparrows Point Shipyard*
0 Avondal e Shipyards*

o FMC Portland

0 Ingalls Shipbuilding

0  Newport News

0 Seatrain
0 Todd Los Angel es*

0 Ceneral Dynamcs, Qincy*

0 Puget- Sound Naval Shipyard*

o0 Sun Shipbuilding & Dry Dock Co.*

o Bath Iron Wrks Corp.*

0 Kings Point Mchinery*

* Comments were received from these organizations.
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APPENDI X D. 2

EXCERPTS PROM [ NDUSTRY COMMENTS

In response to Todd Seattle's request, several reviewers provided
the follow ng coments on the progressive outputs of the study.

CENERAL DYNAM CS,  QUI NCY

Bot h catingsand wel dments have been used successfully for stern
frames and for hawsepipes for agreat many years. The economc viability
has vacillated over this time period with preference for castings when
they were obtainable for reasonable cost and when they were of high
quality . On other occasions there were those shipbuilders who found
that weldments could be produced at reasonable cost and with a good degree
of weld reliability. There are other factors that play vital roles in
sel ection of the typeof conponent to be supplied. O primry concern
is delivery and scheduling as well as handling and transportation avail-
ability. Another consideration is weight since this is directly related
to cost. As arule, a weldment is lighter than a casting, but for stern
frames and for hawsepi pes, because of the nature of their working functions
as maj or conponents of the conplete vessel, it is desirable to have some
degree of mass to absorb forces and vibrations inherent in those areas.
Consequent |y, judgement nust be applied to meet the needs on a case basis.
Another consideration is the aesthetic effect, especially upon visible
hull formas in way of hawsepipes. A second element present in conven-
tional hawsepipe design is the stowage performance of the anchor and its
I npact upon the ultimte configuration chosen. In many instances, the
only workable configuration obtainable requires the use of a casting made
froma rather conplicated shaped pattern. A |/8th scale hawsepi pe node
shoul d be enployed to assure a working solution to the vessel's anchor
stowage. It is noted that several vessels have been built with overly
sinple wel ded hawsepipes that were low in initial cost but would not
house or handle an anchor successfully. These installations presented
probl ems throughout the life of the ship and were costly to rectify.

The use of billboards for anchor stowage is prevalent anong many
mobi | e of fshore drill rigs as well as with VLCC'S and ULCC'S, In these
cases sinplicity is obtained and aesthetics plays little or no part in
the appearance created. The selection of billboards or conventional
hawsepi pes for a vessel will be dictated by the owners’ preference as
wellas by the econonmics involved. This facility has no first-hand
experience with billboard stowage and reserves judgenent on its perform
ance. Mt hawsepi pes have been one piece castings regardl ess of size
to assure retention of all the necessary features obtained through the
nodel and pattern resulting in a workable stowage. Cther hawsepi pes
have consisted of shell bolsters and deck bolsters connected internally
with a fabricated pipe. Hard welds on the wearing surfaces were provided
This type hawsepipe proved reliable and within reasonable cost.
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Whenthe cast sernfrane design is supplanted by a built-up
wel ded fabrication, it is still necessary toretain castings in certain
areas (viz., gudgeons). Forgings may replace these castings in sone
instances but a degree of bulk is a desirable feature for these itens.
The welding of the several pieces conprising a built-up stern frame
is usually manual because of the irregular configurations involved
Pre-heating is required for both castings and plates. Allowance for
distortion, shrinkage and alignment movenment nust be made when
setting up the conponent parts. The welded attachnments of the stern
frame to the hull structure (viz., floors and shell) is the sane type
of operation regardless of whether the stern frame is a casting or
a wel dnent

The castings and/orwel dments depicted on plans 5037.1 to 5037.15
are representative of thedesigns existing or proposed but are not
exclusive. Many variations could be derived and enployed in their stead.
Al designs embody some features that are desirable.

The cost studies made for the subLect desi gns aPFear to be
reasonably relative without stressing the specific dollar values
presented. If dollar cost is the sole consideration, the weldments
are always the |owest price; however, other factors nust be considered
when a selection is made. The above statements are made without the
etailed cost analysis that a cost estimator would perform when submtting
a firmbid on any specific proposal

Specific coments are as follows:

0 The researcher denonstrates an adequate know edge
of the objectives of the project.

0 The tables in Section 3.1.2 of the interimreport
are not. in-depth enough (it was explained that they
were nmerely a, synopsis of many detailed trip reports -
GD was satisfied with that answer).

0 The cost of welding and heat-treating in northern yards
is a definite cost consideration when considering
alternatives to castings.

o Shipyards and foundries should have a “deal” to get
better quality and delivery tine.

o A section in the final report on details the foundry

would Iike fromthe naval architect woul d be hel pfu
a sort of “Foundry Cuidelines for the Naval Architect.”

U.S. COAST GUARD

o No comments to offer; have no objections to any
aspect of the interim report.
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AVONDALE SHI PYARDS

Ingeneral concurrence with the discussions and assunptions, and
the feasibility of the design and alternatives

Has serious reservations regarding the estimated total cost of
the fabicated stern frames, specifically for the jigging tine, lofting -
tenplates, and field fitting and alignment. These conments have been
noted. and incorporated into cost estimates presented in Section 5.0
Specific coments on study results are:

0o Satisfied that the researcher has a good understanding
of the project and is proceeding in the right direction.

o The research does anticipate the yard s needs
o Particularly interested in the proposed feasibility

designs concerning the “Billboard” type anchor handling
system

PUGET SOUND NAVAL SHI PYARD

Tothe best of our know edge, chain rollers have not been used on
Naval vessel anchor chains. They have, however, been used extensively

on new construction oil and bulk carriers, especially the 200,000 plus
DWT VLCC

A review of the attached feasibility design indicates a considerable
wei ght saving could be realized through the reduction in size of casting
used for hawsepipe and shell bolster. This savings woul d be of fset sone-
what by the cost and weight of the chain roller. No information is avail-
able on the type of chain roller generally used or their cost.

Current new construction Naval vessels have utilized conventione
design for hawsepipes, i.e., large castings. Since PSNS is no |onger a
new construction yard, it is anticipated a considerable time period will
el apse before local work with chain rollers could materialize.

The use of chain rollers and wel ded hawsepi pes woul d be an
acceptabl e replacenment for cast deck edge bolsters.

Specific coments are:
0 Researcher’s understanding of objectives adequate.
0 Realizing that this is an interimreport, it is hoped

the data in the final report will be more conplete and
factual .
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0 The coverage of the inboard accessible stern tube is
too limted. This is a relatively obscure type and
information should be provided on relative nerits
conpared with the conventional type

o It should be helpful to investigate rudder, anchor

stowage, and stern tubes fromthe operators’ point
of view as an additional aid in selection of systens.

BETH SPARROAS PO NT (CTD)

Lead tine for castings: Qur experience has been that |ead tinmes
can vayfrom6 to 10 weeks for a 1500 pound casting; up to 24 to 28
weeks for a 180,000 pound casting

Casting design: Casting design should be discussed with each
foundry being considered as a vendor. Techniques vary considerably
fromfoundry to foundry as does quality. Sinplification of casting
design is highly desirable since it has a direct.bearing on quality
Many foundries have lost their ability to produce castings of acceptable
qual ity such as those shown in designs 5037.1 to 5037.3

Casting size and availability: Extrenely large castings should
be avoided if possible. Generally a nore satisfactory structure can be
obtained by a composite design of castings and weldments. Castings thus
can be used only where accessibility for welding is a problem or where
pure mass is required such as the stern tubeboss.

Casting defects: The real problemarises when the foundry and the
shipyard disagree on whether or not a casting is repairable. Foundries
wi |l often spend weeks excavating and welding a | arge defect in order
to save a casting. The result may still be unsatisfactory to the shipyard

| nspection of castings: Few foundries have facilities for x-raying
sections over several inches thick. Utrasonic tests not only provide
an acceptable substitute but in many cases are far superior to x-ray.
Interpretation of UT reading is the key to such testing and it should be
the responsibility of the shipyard to have their UT expert on hand for
foundry UT of castings.

Rolling and forming of heavy plates: Farnming outthe shaping of
heavy plates 1s not as easy as It mght appear. There are few facilities
in this country with equi pnent heavy enough tohandl e high strength plates
say 5 inches thick. Qur Bethlehem Pa. plant has rolled 3" stem tubes and
has formed 5“, 80,000 psi yield strength rudder horn side plates. Arecent
gemt ube was designed as a conposite of casingsin way of the tail shaft
bearing and the inner bearing with the 3 rolled plate between for a tota
length of over 30 feet.
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Wl ding costs: In addition to high welding costs for stern frane
wel dments, the formng, handling and fitting of heavy plates on a sem
frame unit contribute greatly to the cost. The accuracy of heavy forned
plates nust be assured in the shop since reshaping on the job is close
to inpossible with typical shipfitting equipnment. and techniques.

Bi |l board anchor handling: A billboard is an acceptable alternative
arrangenent especially useful on large tankers and bulk carriers and for
ships with large bulbs since the chain generally |eads further outboard.
Qtherwise it offers few advantages and some disadvantages over a wel
desi gned conventional hawsepi pe arrangement.

FbmsePiQes: | agree that billboards will generally be less costly
to bui than traditional hawsepipes, however the security of the anchor

agai nst movenent in seaconditions for the designs shown does not approach
that of conventional hawsepipes. The self-stow ng capability of the anchor
when hauling inespecially if the anchor conmes up with flukes against the
hul I, musthe verified by nodel tests.

NASSCO

“The general feeling is that castings are |ess expensive than fabric-
ations for stern frames when say three or nore ships of the same size and
class are being constructed at the same tine assuming the pattern costs to
be spread across the contract. A one or two ship programgets into an area
where both costs are close to the point that a detailed estimte woul d have
to be devel oped to make an accurate determnation as to which is cheaper.”

“From the naval architect’s point of view, the only comment we have
is that the report does not say nuch about high-hold anchors, and their
influence on the type of bolster method to use.”

TODD LOS ANGELES

Reviewed the alternative stern frame and ahwsepi pe designs and are
in general agreement with the conclusions noted

Additional comments are as follows:

o Itisourassunmption that the foundry is responsible
for making the pattern, with the final ownership of it
a matter of negotiations.

o Casting designs should be largely worked out in the
early stages of production planning rather than prior
to the start of production.

o Thermt welding used in conjunction with castings does

not require placing the unit in an oven for stress
relieving. Localized stress relieving is sufficient.
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o  Casting designs, and t herefore costs, seem sonewhat
heavy in conparison tothe equival ent wel dnent. This
comment necessarily is based on gut feel rather than any
in-depth engineering analysis of the conparative designs

SUN_SHI PBUI LDI NG

~... W had occasion latyear to make a detailed conparison of a
wel dment and a casting for a conplex stern assenbly. The result of this
study confirms your conclusions. The cast sempiece was about 20% nore
costly than a weldment. In this case, the estimator tried to price out

the actual cost of the weldment, up to the point at which it was in the
same condition as a casting ready for installation.”
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APPENDIX  E 2

RELEVANT EXCERPTS FROM REFERENCES

(enera

Mostof the text and reference books listed in the bibliography
section contain chapters discussing stern franes; sone also contain
di scussions of hawsepi pes and anchor handling/stowage arrangenents

The nost conplete treatnent of both conponents can be found in
entries numbered A2 and A 3. The latter isthe revised final edition
of the former. Sone of the material contained in A3 has actually been
used in the study as referenced in appropriate sections. Two excerpts
fromentry B.6 discussing the senframe and hawsepi pe/ anchor pocket

design and construction for .a class of 28,000 ton tankers is presented
on pages E- 4 through E- 8.

Publications and journals of the professional technical societies
contain few articles directly related to stern frame and hawsepi pe
design and construction. The treatment of these conponents is generally
covered in the conplete ship design and structural arrangenent
di scussi ons,



THE

Fic. 4 -ANCHUR PuCRET MuveL—~Bouw VIEW

. . —

Reproduced
from:
Transactions,
SNAME,

1950

DESIGN OF A CLASS OF 28,000-TOX TANKERS

F1c. fi.—Axcnom POCKRET MobEL— DECK V1w

Taore 2. ~HurL Foru Darta

Length between perpendiculars. ..
Breadth,molded....... ....... .
Draft, molded (designed LIWL)...

Length-breadthratio............
Breadth-draft ratio. ...... ceteeass
Length of entrance. .. .. ceeaeen .e
Length of parallel body..........
Lengthofrun.............. cees
-Displacement, molded, bare huil. .
Block coefficient.... ......... .o
Prismatic coefficient.............
Midship section coetficient.......
Waterplane coeflicient......... .
Vertical pristnatic coutlicient.....
Displacement-length ratio........

Longitudinal center of buoyancey,
molded

14 waterline entrance angle.......
Wetted surface, bare hull. .. .. e
Wetted sueface/v Al .ovevnnn..
Designed sea speed” ...,

Corresponding speed-fength ratio.

595 feet

84 feet

33 feet

7.08

2.55

200 feet = 0.338 LBP
155 feet = 0. 260 LBP
240 feet = 0.404 LBP

36,044 tons

.7649
0.7699
1135

0.8468
0. 93133
171

9.40 feet for'd amid-
ships BP = 158
percent LBP

271{ degrees

73219 sq ft

15.8

16 knots
0.656

& I)cfined us speed on trial, at designed load draft, with pro.
pelling machinery deveiopini 80 per cont of rated mazimum shaft
boesepuwer. Ser [fix Y for actual tral per{urmunce which ez

ceetvs designer spoed by abont 0.6 keot.




- THE DESIGN OF A CLASS OF 28,000-TON TANKERS

Frc. 8, ~DETAILS AT STERN

The rudder is balanced, steamined [N the
prelimnary stages of thedesignastern frame
with afixed rudder post had been indicated , but
the balanced-t dpe rudder was adopted later t o
reduce the ru&ler torque. Th e rudder area is
1.53 per cent of the lateral plane arca. The ves-
sel's conpleted have denonstrated excellent ma-
neuverabi | ity. Theturning circle (diameter at
full speed is about 3,000 feet (5 ships |enghts).

Reproduced from  Transactions, SNAMVE, 1950 -



SOVE OBSERVATI ONS ON SHI P VELDI NG

MRr. J. H. DEPPELER, Asseciale Member: Mr.
Arnott hasdiscussedin detai | the fabrication by
welding of Liberty and other ships, but he has in-
advertent|y leftout any question of the welding of
the heavy stern frames or the stems of these ships.
Therefore, this discussion should not be con-
sidered in any way as a criticism of what Mr. Ar-
nhott has written but rather as a supplement to
this.

As the paper dots not mention the construction
of the stern frames or stems, it may be assumed

Reproduced from Transactions, SNAME, 1942
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SOME OBSERVATIONS

F16. 24.~THEranT-\WeELDED FrAME oF LipERTY S1te BEING
Rasep, Furcrusiep AsouT CeNTERLINE oF Keer, Tnus
SaviNG CraNE Caracsity

that these were joined by mechanical means,
whereas most of the shipyards have called on the
Metal & Thermit Corporation and this corpora-
tion has provided cquipment and materials and
furnished expert instructors, which enables the
yards to procued quicklyv with the making of their
own stern frames by Thermit welding.

During the previous war these stern frames
were furnished either as forged steel sections or, in
many cases, wrought iron sections scarf-welded to-
gether by the well-known blacksmith method, or

they were made of one-piece castings. But in sub-
sequent years, many defects were found either in

b L A Cais; L8 (S 3 44 04 et ud catiiel

the scarf welds or in the junction points of the

Ftc. 25~Two TuErMiT WELDS IN Linerty Stiip STERN

Frame

Reproduced from:

E-7

ON SHIP WELDING

heavy cast material, and these defects have greatly
increased the amount of Thermit repairs made by
the Metal & Thermit Curporation. Itis, of course,
well known thut most ships are at present equipped
with one Thermit weld and many with two or
three of these welds, which, of course, all had to be
made at the point of failure on the ship in dry dock
and in whatever position the break was found.
Many of these welds occurred at the inner end of
the shoe and the melding of them required the re -
moval of some of the plating. Others occurred
close to a rudder-frame gudgeon or close to the
propeller boss and such positions, of course, were
more ditlicuit to weld. Much could be said of the
member of stem frames welded by Thermit and of
the rigid approva called for by the American Bu-
reau of Shipping and by Lloyd’s Register of Ship-
ping, but we are very glad to report that in all of
these stern-frame repairs, many of them made at
night with temperatures well below ireezing, we
have never yet had a singie failure.

It was logical therefore when the Maritime
Commission was called upon to authorize the build-
ing of ships rapidly, that it should call on Thermit
to weld the heavy stern-framne sections. Most of
t he modern shipsare equipped with either stream.
lined rudders or contra-molders and their stern
frames arc, therefore, streamlined in sections
either in a triangular shape or in a frustrum of an
ellipse, these sections measuring from 30 to 35
inches in length and from 1N to 30 inchies in width.

The Metal & Thermit Corporation has worked -
with the Maritime Commission and with the na-
val architects designing ships, and located the
Thermit welds in a way that would enable the
stern frames to be built of four heavy castings (in
certain cases five) with the welds conveniently 10-
cat ed sufficiently far away from the gudgeons and

Frc. 26.=Crose-Up oF Gar Usep iN THERMIT WELDING.
Tius Is ox A TyPE oF FRAME USED IN TARKERS

Transactions, SNAME, 1942



SOME OBSERVATIONS ON SHI P VELDI NG

propel ler bosses to enable this work to be done ex-
Peditiously. Such a weld takes from500 to 900
pounds of ~ Thernit.

The welding is done on parallel-sided gaps pro-
vided by oxy-cutting the ends of the pieces after
they are lined up in position. The frame is usually
welded in a horizontal position, in some cases at
the end of the ship and in other cases at a remote
point. Figs. 24 to 26 show various frames in vari-
ous stages of conpletion.

Qoviously, it would be difficult, if not inpos-
sible, to instruct a shipyard how to repair the
broken stem frames because these failures occur
at all sorts of angles and inall sorts of positions,
therefore the Metal & Thermit Corporation main-
tains a staff of expert welders to handle these re-
pairs. In the construction of the G2'S Liberty
ships and the various troop ships, the Mtal &
Thernit  Corporation has found it entirely feasible
to instruct a yard in the Thermt welding method
and, after the conmpletion of one or two stem
frames, to let this yard Eroceed onits own, wth
occasi onal supervision by the Thernit Corpora-
tion,

Liberty ship frames, which are of the single-bar
type, me nuch sinpler to make in one casti n%.
Thi's was done until recently, when orders for Lib-
erty ships became so widespread that sone of the
smaller foundries were called upon to make the
cast-steel frames. In this case, the Maritine
Commission has decided on a policy of making this
cast-steel frame in two or three pieces Thernmit
wel ded with either one or two wel ds.

Inall of this construction, there is a very dis-
tinct advantage. In the first place, the smaller
castings involved in making the four pieces for the
Maritime Commission G2 ships or the two or
three pieces for the Liberty ships are alnost hbound
to be very much sounder. These castings can be
designed with the heavy propeller boss as the cen-
ter or with the heavy gudgeons as a center. Wth
this design, the castings are very much simpler to
make and the Thernit ~ welding of these parts no
mre difficult . The whole operation should result
in a better construction.

Reproduced from  Transactions, SNAVE, 1942
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APPENDIX E. 3
SYNOPSI S OF CLASSI FI CATI ON SOCI ETY RULES
FOR STERN FRAMES AND || AWSEPI PES

The rules andregul ations inposed on the construction and
classification of stern frames and hawsepi pes by the three mgjor
classification societies are excerpted below in summary form

AMVERI CAN BUREAU O SHI PPI NG

Stern Frames and Rudder Horns

o Stern frame scantlings are determned by
prescribed formulas where the scantling
dimensions are directly proportional to the
square root of the ship length for vessels
over 590 ft. long. Casting designs are to
fulfill the same requirenents as above.

0 Rudder horn scantlings are determined by a
prescribed fornula for calculating stesin
the horn and is a function of rudder area,
desi gn speed of thevessel, beari ng locations,
and the physical characteristics of the rudder
horn. The calculated stress is to neet prescribed

limts-set for fabricated and. cast designs.

[1

' Hawsepi pes
“Hawsepi pes are to be of anple size and strength;

they are to have full rounded flanges and the |east
possible lead, in order to minimze the nip on the
cables; they are to be securely attached to thick
doubling or insert plates by continuous welds the
sizeof which are to be in accordance with Section
3ofor the plating thickness and type of joint

sel ected.”
E-9



LLOYD S REG STER OF SH PPI NG

Stern Frames and Rudder Horns

oStern frame scantling sizes are determined by
prescribed formulas where the scantling dinmensions

are directly proportional totheproduct- of a

constantand the square root of the ships sumer

draft. The constants are different for designing
fabricated stern frames as conpared to cast.

0 The rudder horn section nodul us against transverse
bending is not to be less than that determ ned

by a prescribed formula which is a function of

the ship speed and certain physical characteristics

of the horn.
Hawsepipes

“Hawsepi pes and anchor pockets are tobe of anple
thickness and of a suitable size and formto house
the anchors efficiently, preventing, as nuch as
practicable, slackening of the cable or novenments
of the anchor being caused by wave action. The shell
plating and framing in way of the hawsepipes are to
be reinforced as necessary. Reinforcing is also to
be arranged in way of those parts of bulbous bows
liable to be damaged by anchors or cables.

Substantial chafing lips are to be provided at
shell and deck. These are to have sufficiently large
radiused faces to minimize the probability of cable
links being subjected to high bending stresses.

Alternatively, roller fairleads of suitable design

E-10



may be fitted. \Where unpocketed rollers are used
it is recoomended that the roller diameter be not
| ess than 11 times the chain dianeter.”

DET NORSKE VERI TAS

Stern Frames and Rudder Horn

0 Stern-frame scantlings are deternmined by prescribed
formul as where the scantling dinensions are
directly proportional to the product of a constant
and the square root of the ship length. The con-
stants are different for designing fabricated
stern frames as conpared to cast

0 The design of the rudder horn is determned by
prescribed cal cul ations for shear forces, bending
monents and torque, where these results are used
in the mninumrequired section nodul us, wall
thickness, and areas of horizontal section equations
which contain prescribed constants

Hawsepipes
"Hawsepipes are to be of ample thickness and of

suitable formto house the anchors. At the upper and

| ower ends of hawsepipes, there are to be substantia
chafing lips to prevent excessive wear in way of the
chains. The radius of curvature at the upper end
shoul d be such that at least 3 links of chain bear
simul taneously on the rounded part.

Hawsepi pes are to be arranged with an easy |ead
of the cables fromthe windlass to the anchors. Upon
rel ease of the brake, the anchor is inmediately to

start falling by its own weight.

E-11



The shell plating in way of the hawsepipes is to
be doubled or increased in thickness and the framng
“reinforced as necessary to ensure a rigid fastening

of the hawsepipes to the hull.”

E-12
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APPENDI X E.4.1: CASE H STORY

Decenber 11, 1955

CAST STEEL STERN FRAME TROUBLES

As you all know the service record of cast steel stern frames has not
been entirely satisfactory, and stern frame repairs have been and still are
a source of great expense to the shipowners. One of the main sources of
trouble is lack of soundness which escapes detection by present methods of
inspection used in foundries; and is of many years standing, and is not con-
fined to vessels built during war years. Naturally, if it was econonically
possible to X-ray cast steel sections up to thicknesses of 20 inches, most
of these deep sub-surface defects would be detected and properly repaired and
for all practical purposes this whole problemwould not exist. Until such
net hods of detecting deep sub-surface defects are used it seens advisable to
suggest to the representatives from the leading casting producers that further
refinements of foundry practice are necessary. in view of the experience with
cast steel, some owners have already intimated their intention to use fabric-
ated welded stern frames made of a conbination of castings, plate material and
forgings. (See Fig. 6). There are indications that this trend is underway
and it is gaining momentum It is quite obvious that the nunmber and size of
cast steel components to be used in these new designs will depend on the sub-
sequent service records of these new stern franes.

Three typical cast steel stern frame sketches (Fig. 1, 2, 3) are attach-
ed which represent an aggregate service record of 20,000 ship years (service
of one ship for one year). Wth some minor nodifications in design for sone,
the above nentioned sketches portray the bulk of cast steel frames used in
nerchant marine. Every time a ship is drydocked, routine inspection of the
stern frame is nmade by our Surveyors. Their survey reports describe a certain
nunber of defects that are segregated for convenience as follows:

1. Defects in Stern Frame Skegs: The general location of the defects
are shown 1n the attached sketches, and their nature can be better understood
from the above photographs. At this point, it is pertinent to point out the
sad record of the skegs of some 10 Super-Tankers (601 feet length) built in
1949 and 1950, that accunul ated a service record of some 32 ship years. Dur-
ing that period 9 tankers out of 10 devel oped serious stern frame defects
that had to be repaired and sone franes nore than once. In two cases, it was
necessary to renew the section. Skeg in question is shown in Fig. 4, with the
| ocation where the mgjority of the defects have occurred

A reflectoscope survey of the skeg of seven of the above tankers was

conducted by an independent testing laboratory, starting in December, 1951,
for the first one and conpleting the seventh one in My, 1952. The findings,
al though inconclusive, disclosed the presence of sub-surface defects in the
nature of centerline porosity, inclusions or nests of hot tears. It was fur-
ther stated that the castings under investigation were either coarse grained
or spongy and good back reflections were not obtained which would cast sone
shadow on the general suitability of the reflectoscope inspection method for
this particular application.

E-13



2. Fractures in way of Landing of Shell Plates to Stern Frames: Cracks
through the flange of the stern frame, at the toe of the fillet weld on one
side, and the relatively sharp radius of the frame on the other, as illus-
trated in Fig. 5a, have been the origin of serious troubles with sterm franmes
A nunber of photographs describes the magnitude and |ocation of these frac-
tures, and discloses unsound cast meterial in way of them Later inprovenents
in design, as shown in Fig. 5b and 5cwould be effective only if the soundness
of the castings was insured

3. Cracks in way of Core Holes: These fractures are illustrated in
the two attached photographs and sketches. It was found that in the origina
castings, square holes-had apparently been left in the sides of these horn
pi eces by the casting makers for core support. These hol es had been cl osed
by welding square insert plates from the outside only, with welds that barely
penetrated half the thickness of the casting. Cracks followed the horizonta
edges of the welded insert plates. The detail draw ngs of these stern frames
that we approved for the design agents did not indicate such openings

4, Qther Mscellaneous Defects in Stern Frames: A full scale draw ng
shows the depth and extent of cavities resulting from the conplete renova
of unsound cast material in the upper section of stern frame, which was found
a few days after the frame was attached to the main hull on the ways. These
cavities had to be welded out of position and delayed the launching date of
the vessel. Two nore cases are shown in a photograph and a sketch, where
defective cast material caused serious cracks in stern franes.

Serious pitting that develops on the surface of stern frames after
a relatively short service is generally associated with porous cast materi al
that was covered by a thin layer of sound material which escaped visua
i nspection. (See attached photo. )

The Frequency of occurrence of the above defects is as foll ows:

T2 Tankers: 525 tankers were built during the period 1943-1945,
over 450 of them are still operating and they accunulated a service record of
3800 ship years. During that time 170 stern frames devel oped defects in the
skegs that required repairs and sone frames nmore than once. These repairs
consisted of removing the defective areas and arc welding the cavities.
Except in 10 cases it was possible to fill themby thermt welding and in 17
other cases the castings were so poor that it was necessary to renew the entire
section. 88 stern frames devel oped cracks in the way of the landing of shel
plates to stern frames. 25 stern frames were repaired in other niscellaneous

locations. This anounts to 0.72 stern frame trouble for every ship operating
one year.

Victory Ships: 534 ships were built during the years 1944 and 1945
Qver 220 of them are still operating with a service record of 2700 ship years
During this period 19 devel oped defects in the skegs, 4 of which had to be
renewed. 80 stern frames had cracks in the core holes, 2 in the |anding of
shell plates to frame, and 10 in miscellaneous other locations. The record
is 0.40 stern frane trouble for each ship year.
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APPENDIX E.4.2:

STERN FRAME (SKEG) ANALYSIS

Supplementary section for
cases of suspected weakness
in this region. Exact
location to be determined
by observation.

STERN FRAME SKEG ANALYSI S

PRESENT METHOD USED BY HULL TECHNICAL STAFF APRIL-1950
2

PR = 3.7l x0.8=A=7Y Where
- - AL P_ = Force on rudder inm lbs.
s "R =% R
g . L' A = Area of rudder in sq. ft.
Stress @ Section (XX) L, = Ty (xx) V = Speed of vessel in knots

Fx < L;

e P
39:/’ Cvy) S
e « L3 X/Y = Section modulus about line of
Stress @ Section (2Z) L, = - intersection of ¢ plane of
/\) (22) vessel and athwartship plane
at section

Stress @ Section (YY) L2 = = Force on skeg in lbs.

L,and L,- See sketch, in inches
R, and R, « See sketch, in ft,

FIGURE 7 |
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HAWSEPIPE BOLSTER DESIGN GUIDELINES

THICKNESS OF WALLS FOR CAST STEEL HAWSEPI PES

BOTTOM 1 2\ Size of chain in 1/16™° x ,040625 + .25 =

TOP U =/ size of chain in 1/16ths x .03125 + .25 =

MAY BE LESS /

E-22
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APPENDI X E. 5

A B. GOTAVERKEN PATENT

FOR "BILLBOARD" ANCHOR HANDLING SYSTEM



» o ——

I1 Rosenblatt & Son, Inc. ":,'u LTt s Ry |

350 Broadway I"‘;‘TLV"‘“{' R HT |

eV YORK, N.Y. 10013 L\"‘- N X ,.

Us A | S SEP2ur S j
+#. ROSTHLATT & SO,

‘E{rot'.l:’;ll. sgu‘r”l:'ulr g::'r.c’f g:::m

NSB/IT - H-A Genberg/ee 1977-05-23

Dear Sirs,

Re: Anchor Handling on Deck

Vith reference to your letter to lr R Leandersson at o

Techni cal Service Departnent dated 1977-09-14, Fil e 5037 15,
we hereby give you the following information about our

new Anchor Arrangenent.

The idea. to do sonething about the normal Hawsepi pe
Arrangement arose after discussions with shipowners and
captains. They all pointed out the problenms they had
with slamm ng anchors, damaged shell plates, bad worki-
environment in hard weather, specially when the vessels
grew in size and the anchor weights increased.

In 1975, after having consulted the classification
societies as Lloyd' s Register of Shipping and Det norske
Veritas and naritime authorities in England and Sweden,
we introduced our new arrangenment on a tank vessel built
to the owner Rethymis & Kul ukundis.

In 1976 we built another three vessels with this new
arrangenent and the same year the Kockuns Shipyard
contacted us and showed their interest in a co-operation
which resulted in the fact that further two vessels
obtai ned this arrangenent built by Kockuns during 1976 i
and 1977.

W encl ose one copy of our U 'S. patent in which you wll
find background and advantages of this new Anchor Arrange-
ment together with a panmphlet from Kockuns descri bing
their chain stopper conbined with the Arendal technique
for another stowage.

We hope this will be to your satisfaction are we are gl ad
to give you further information if necessary.

Yours faithfully,

[}
1]
1
|
i
'

AB GOTAVERKE! |
Arendal _ ,
Qutfitting De&gn i
e e e a o ]
'r!:} fj?,-( 1 7y 3l d /
N vy gt s
-_u_a.-:r'*_&..a.i,
1793 : Gunnax Widbou
Encl . : !
AR GGTAVERKEN E-24
Mailing address Telephone Mo, Teicyram address  Telex Postal account  Banking account  Bank T i
W2 co GDTAVERKEN 2283 GOTAVS  40370-7 513-5197 SKANDINAVISKA ENSKILDA [

5-°2270 GOTZ30RG, SWEDEN Q20 BANKEN



4.026.232

APPARATUS FOR STOWING AN ANCHOR
BACKGRCLUND OF THE INVENTION

I shizs of conventianal design. the anchor chein
passses througi: 2 hawser pipe, extending obliquely
connwards from the ship’s dsck, through a2 space
witzin the hull to 2n opening ia the side plating. When

anchor is aulad.in its lez will exteng into the haw-
sipe. whils the crown with its arm 2re Jocated out-
side side plating, where they are difficuit to reach,
and also will cause damagse, especizlly during hauling-

"
a4

]
r

-
Prie

SUMMARY OF THE INVENTION

Tne invention r2l2rs to novel means for recaiving and
stowing 2 su-called patent anchor, having a leg and 2
crown with arms pivotably connectad therets, tpon an
open bed arrangsd on a ship's deck, axd is character-
ized a thar the bed inside the side plating of the ship
includes 2n inclined portion raising above the deck and
adapted to receive the leg of the anchor, this raised
portion being located inside of an outwardly open
pocket, reczssed balow the deck and being downwardly
defined by 2 surface of sufficient size to receive the
crown of the anchor, substantially insids of the contour
line of the side plating. )

This novel arrangament has a number of advantages.
Tae siowad anchor wiil not be subjected to the same
action by the waves 2s in previous designs as it will be
lozatsd highsr above cea level and will be received
insidz of ths contour of the sids plating.

The anchor is furthermors ¢asily accessible for lock-
ing. inspection and cleaning.

t The arrangsment aiso nakes the installation more
&zsv, which maans that less fiting will have to be done
duting the busy days bafore delivery. A “stopper bed™
may he mounted stmultaneously with, or even before
the windiass, Thaee is no nezd to cut holes in the sids
plating for the hawser pipz and the doublings around
the lattar may te dispensed with. The maintenance and
tpkezp of the chip will bz reduced as no damages to the
hull around the mouths of the hawser pipes will occur,
ard 25 the anchor will be dropped from 2 higher point,
and mers= outside of the side plating proper, damage to
the paint coating will ba reducad.

12 lecation of the anchor is also more favourable
from a safary point of visw as it will be easier to arrangs
for secure locking, and it will also b= possible to inspect

-t

and loeate damage to the anchos.
RRIEF DESCRIPTION OF THE DRAWING

FIC. 1 is a cross-czction of a portion of 2 ship’s deck
at the position of an anchor bed, and

FIG. 2 shows the anchor hed and the windlass, as
viewed from cbove.

DESCRIFTION OF A PREFERRED
ARRANGEMENT

In FIGS. 1 znd 2 the d2ck of a ship is denoted by 10
and the side plating by 11. The anchors ars convention-
2lly locatad in the fore part of the ship and here the
uppeer areas of the side plating are markedly flored
Qutwards, The bigher up the aachor can be located, the
further away from the side plating proper the anchor
and the chain will pass when the anchor is droppsd.

Thz anchor 12 is, in the drawing, shown in its stowed
Fosition and is atached to a chain 13, which, in the
usual munaer, is handled by a windiass 14,
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‘Thzanchor 12 is of so called pateat type and includes
a leg 13 and 2 crown 17 having arms 16, the crowa
being pivotably connected to tha lop.

The anchor is stowzd upon a bed 13, which is op=a
upwards and is adzptzd to receive the leg of the anchor.
This bed is located above ths deck 10 of the ship, hav-
ing sush aa inclinution that the anchor will slide down-
wards automatically, when a retaining force is released.

This tetaining foree is in the first place provided by
the windlass 14, but in addition to that there is a lock-
ing arrmngement, generally denoted by 19 and includ.
ing levers or similar mzans adupted to engnze and to
lozk acsinst a link of the chzin or the shacklz conueci-
ing taz chain to the jeg.

Sidw supzerts 20 eatend upwards along both sides of
the bed 13 encidsing lsg 13. At th= bottom of the bhed
18 a pecket 21 is reeassad into the deck, being opea
outwards and generaliy adapted to receive tha crown
17 of the anchor 2nd the bast portions of arms 16, so
these paris. when the anchor is fully hauled-in, will bz
located insicz of the contour line of the'site plating 11
of the ship. The pocket 21 will form a hawser guiding
the anchor so th= chain will obtain the proper direction
with respect-to the locking arrengement 19 and the
windlass. . .

The bills or end portions of the arms 16 will rest upon -
inclined supports 22 at the deck inside the pockeat 21,
the botlom surface of which is inclined downwards
away from the bed. .

At the traasition between pocket 21 and the deck 10,
a stopper 24 formed as a reversed U-shaped staple,
This is adapted to straddie the bed and un anchor's leg
15 resting thurzon. The side mambers of the staple ar
formed in such a manner that the arms of the anchor
may be hauled-up, outsids the stupiz 2ad also the bed
13. Each side member is provided with 2 shoulder 23
located at such height 2bove the knuckle 25 batween .
the deck and the pocket, that the a2ssociated portion of
the amm vill bz wedyged between the shoultler-and the
knuckle. .

What we claim is:

1. Means for receiving and stowing an anchor, having
a leg and a°crown with arms pivolably connected:
thereto, on a ship defined by side plating and a deck,
comprising: .

a. an outwardly apen pocket, recessed below said
deck and bzing downwardiy defined by 2 surface of
sufticient size 0 recsive the crown of said anchor,
substantially inside of the contour linc of said side
plating, .

b. an open bed arranged on said deck, inside said
pocket and ineludiag an incliced portion raising
above said deck and adapted to reczivs the lag of
said anchor, and

¢. stopper means, including a pair of spaced-apart,
upwitrdiy extznding stopper legs, fitted batween
the raiszd portion of said bed and said pocket for
straddling thebzd 2nd the l2g of an anchor resting
thereon while permitting the amms of the anchor to
be moved inwards outsids of the stopper means.

2. Th= means according to claim 1, in which each of
said stopper legs is provided with 2 shoulder on its
outward sids located at a distance above said bad,
correspenading 1o the thickness of that poriion of an
arm of said anchor being lacated opnosits to the ston-

«r means. when said anchor is in stowed nasition.
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